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Abstract - Digital engine monitor during each flight 
produces large amount of data containing numerous engine 
parameters. These logs can be later downloaded to a 
personal computer and graphically presented with 
accompanying specialized software as sets of curves in a 
time domain. Potential problems are spotted when 
parameters exceed specified predetermined operating 
limits and when conditions for a particular diagnostic 
pattern are fulfilled. Catalogued diagnostic patterns 
consisting of EGT-CHT bars, one for each cylinder, are 
complex and are not easily detected from representation in 
form of curves on a display. Rule based pattern recognition 
of catalogued graphic engine fault patterns can provide 
necessary fault detection and isolation functions.  

I. INTRODUCTION 
Engine monitor is an advanced instrument for 

monitoring of piston engine parameters and produces 
sizable engine logs after each flight. After the flight logs 
can be downloaded to a PC where engine parameters can 
be presented in a graphical form suitable for the analysis 
by the maintenance personnel. Aside from spotting large 
deviations of a particular engine parameter, spotting of 
most diagnostic patterns corresponding to potential fault 
conditions is not so easy and requires considerable 
experience. By the automatic interpretation of data 
contained in the aircraft piston engine monitor log this 
process can be accomplished even with the less 
experienced personnel (possibly even the owner) and 
with greater speed. 

II. ENGINE MONITOR 
 Engine monitor, called also Graphic Engine Monitor 
(GEM) or Engine Data Management (EDM) system is 
advanced and accurate piston engine-monitoring 
instrument that helps the pilots at managing of engine 
operation, [1-3]. Digital bar graph and numeric display is 
capable of displaying simultaneously exact Exhaust Gas 
Temperature (EGT) and Cylinder Head Temperature 
(CHT) temperature for each cylinder with the addition of 
Turbine Inlet Temperature (TIT) on turbocharged 
engines as vertical bars on the engine monitor’s display. 
These bars form various EGT-CHT patterns that change 
during engine operation and may help detect abnormal 
engine conditions, [1-8]. Depending on engine monitor 

 

 
 

Figure 1.  CHT-EGT values shown on the same and separate bars 

type the same bar can be used for both EGT and CHT 
(missing segment of a bar depicting CHT value), or, as is 
common on newer products, there are separate bars for 
EGT and CHT values, Fig. 1. 

III. ENGINE MONITOR LOG 
 Typical engine monitor records and stores all engine 
parameters to a log once every six seconds (default 
value) or at a user selected rate. After the flight, at a later 
ime,  this data can be transferred to a laptop PC.  Engine  t  

TABLE I.  MONITORED ENGINE PARAMETERS 

Parameter Description 
EGT Exhaust Gas Temperature 
CHT Cylinder Head temperature 

OIL TEMP Oil Temperature 1

OIL PRES Oil Pressure 1

TIT 1 Turbine Inlet Temperature 11

TIT 2 Turbine Inlet Temperature 2 1

OAT Outside Air Temperature 
CDT Compressor Discharge Temperature 1

IAT Intercooler Air Temperature 1

CRB Carburetor Air Temperature 1

CDT - IAT Intercooler cooling 
RPM Rotations Per Minute 
MAP Manifold Pressure 
% HP % Horse Power 
CLD CHT Cooling Rate 2

DIF EGT Span 3

FF Fuel Flow 1

1optional, 2fastest cooling cylinder, 3difference between 
the hottest and coolest EGT 

parameters recorded by the one popular engine monitor 
(JPI EDM830) are shown in Table I. Logging of 
important engine temperature data (EGT, CHT, TITT) 
on a regular basis allows the creation of a engine-
operation history. It remains a detailed record 
documenting each hour of an engine’s operating life. 
Example of part of one engine log is shown in Fig. 2. 
After the record number, time data following by engine 
parameters and (optional) GPS data if a GPS receiver is 
connected to the engine monitor. If during a flight the 
pilot notices something unusual, it is possible to closely 
examine the log file belonging to that flight later. 
 

 
 

Figure 2.  Example from the engine monitor log, include engine 
parameters and GPS data 
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IV. GRAPHICAL ANALYSIS SOFTWARE  
 EzTrends is the utility program that accompanies JPI 
engine monitors and enables the transfer of compressed 
data from the Engine Data Management (EDM) system 
to a personal computer (PC) for further detailed analysis, 
[9]. After decompression of the data software can plot 
the data on the screen as the graph where various engine 
parameters are presented as curves in different colors. 
EzTrends software allows great flexibility in how one 
can display engine monitor data. Graphs can present 
main and optional parameters either together, as shown 
in a Fig. 3, or separately, as in Figs. 4 and 5. 
 

 
 

Figure 3.  Main and optional parameters on the same screen 

A. Main Parameters 
 Main parameters are Exhaust Gas Temperatures 
(EGTs) and Cylinder Head Temperatures (CHTs), The 
top six lines in the graph shown are EGTs (with the 
temperature scale on the left) and the bottom six lines 
show CHTs (with the temperature scale on the right), as 
shown in a Fig. 5. 
 

 
 

Figure 4.  Main parameters (EGT, CHT, TIT) 
 
Please note that the CHTs always lag behind the EGTs. 

B. Optional Parameters 

 Optional parameters include Turbocharger Inlet 
Temperatures TIT1, (TIT2 if available), oil temperature 
OILT, fuel flow FF, engine speed RPM and manifold 
pressure MAP, Fig. 6. 

C. Flight Summary 
In a flight summary, Fig. 6, a schematic diagram of 

the engine is shown as small squares representing 
cylinders and connecting pipes representing exhaust 
pipes. Deviations from averages, for all cylinders, are 
color coded with the legend on the right side of the page. 
Operating the engine too hot is very damaging, [6,7]. 

 
 

Figure 5.  Optional parameters (CLD, OILT, FF, RPM, MAP) 
 

 
Figure 6.  Flight summary as expressed by EzTrends software  

 

The engine metal starts to soften when its temperature 
gets above 400°F. Hence, 450°F is chosen as the limit 
for engine CHTs. Serious damage to the engine may 
occur if CHTs rise above that value. Many turbochargers 
are limited to maximum turbine inlet temperature of 
1650 °F. Exceeding that value may result in catastrophic 
failure of the turbocharger, [1]. When operating an 
engine one should respect limits listed in Table II, [2,3]. 
 

TABLE II.  DEFAULT ENGINE MONITOR ALARM LIMITS
 

Measurement Default Low Limit Default High Limit 
CHT  450 °F   230 °C 

EGT 1  1550 °F  843 °C 2

OIL 90 °F  32 °C 230 °F   110 °C 
TIT  1650 °F   900 °C 
CLD  -60 °F/min -33 °C/min 
DIF  500 °F   280 °C 

1many engine monitors (e.g. JPI) don’t have EGT alarm limit but DIF 
alarm limit instead, upper normal EGT value shown here, 2on high 
performance aircraft, 1350 °F (732 °C) engines with less than 200 HP 

 

As can be seen from previous description this software is 
graphically displaying log data together with some simple 
flight summary containing extreme values of engine 
parameters logged in previous flights. Maintenance 
personnel must carefully watch presented curve and with 
hindsight of experience spot abnormal engine behavior. 
By looking into parameters curves it is not difficult to 
spot large temperature deviations from default engine 
monitor alarm limits. However spotting fault patterns 
from curves is practically impossible. To spot fault 
patterns it is necessary to activate display simulator 
option, Fig. 7, showing CHTs and EGTs as vertical bars 
(showing patters while parsing a log). Again, one must 
remember and be proficient with various fault patterns. 
 

 
 

Figure 7.  Engine monitor display simulator for later log analysis 
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V. FAULT DETECTION AND ISOLATION 
Fault detection is determination of faults present in a 

system and time of detection, [11]. On the other hand 
fault isolation is determination of kind, location and time 
of detection of a fault. Fault isolation follows the fault 
detection. Fault detection and isolation is identifying 
when a fault has occurred, and pinpointing the type of 
fault and its location, Fig. 8. Once the fault has been 
detected and isolated it is possible to advise appropriate 
corrective action. By elimination of the causes of a 
problem, it is possible to prevent its recurrence. 
 

 
 

Figure 8.  Fault detection, isolation and corrective action 
 

For the automatic interpretation of engine monitor log 
files, limit checking is used for severe fault detection and 
pattern recognition of fault patterns is used for detection 
and isolation of various faults.  

A. Limit Checkers for Engine Parameters 

 Limit checkers are very basic fault detection 
technique that can be applied using default engine alarm 
limits from table II. These limits contain allowable 
extreme EGTs (many monitors use DIF limit), CHTs, 
TITs and OIL temperatures during engine operation. 
Temperature extremes pose very wide limits that are 
suitable for detection of severe engine problems (1).  

iHiiL LpL ,, <<       (1) 
where 
  LL,i  is low limit for parameter pi
  LH,i  is high limit for parameter pi
  pi     is engine parameter i 
 

EGTs, CHTs, TITs and OILT are primary parameters 
that should be considered for limit checking. 
Considering only upper limits for EGTs, CHTs, TITs, 
and both lower and upper limit for OILT (due to oil 
viscosity) following relations should be fulfilled, (2)-(5): 
 

MAXi EE <       (2) 

MAXi CC <       (3) 

MAXi TT <       (4) 

MAXMIN OOO <<      (5) 

where 
Ei is EGT of cylinder i  i=1, …, Nc
Ci is CHT of cylinder i  i=1, …, Nc
Ti is TIT of turbocharger i i = 1, 2 
O is OILT 
EMAX is the maximal permissible value for Ei 
CMAX is the maximal permissible value for Ci 
TMAX is the maximal permissible value for Ti 
OMIN is the minimal permissible value for O 
OMAX is the maximal permissible value for O 
Nc is the number of cylinders in engine 

Despite the fact that limits from Table II consider only 
the extreme temperatures encountered in normal engine 
operation, these values are well known and documented 
in most piston engine and engine monitor documentation, 
i.e. one deals with well established facts, [1-3,10].  

B. Recognition of Fault Patterns 
 Engine monitor is capable of displaying EGT-CHT 
patterns suitable for the fault detection. Patterns consist 
of bar graphs, darker bars represent EGT and lighter (or 
missing) bars CHT values. Each pattern corresponds to 
one or more engine problems. In pattern recognition it is 
possible to differentiate two classes of patterns: 
 

1) Static Patterns  
 

 Static patterns don’t change with time. There is no 
time evolution of pattern that depends of previous values 
from previous moments in time, Fig. 9. Such patterns can 
be described by one feature vector from a given moment. 
 

 
 

Figure 9.  Static pattern described with feature vector of parameters at a 
particular moment 

 

2) Dynamic Patterns 
 

 Dynamic patterns incorporates temporal dimension 
(evolution of parameters through the time). To detect 
such patterns it is necessary to consider values from the 
past. Dynamic patterns can be represented by more 
features vectors in the neighborhood that represent 
evolution of that pattern through the time, Fig. 10. 
 

 
 

Figure 10.  Dynamic pattern described with feature vector of parameters 
in the neighborhood of the particular moment (e.g. from a recent past) 

 

 In most simple case these patterns could be described 
by introduction of the simple rate of change of 
parameters that are elements of feature vector. This way 
it is also possible to avoid large feature vectors. 
 

titii ppp ,1, −=∆ +
      (6) 

where 
pi,t    is the value of parameter pi at the moment t 
pi,t+1  is the value of parameter pi at the moment t+1 

 
Rate of change may sometimes in engine monitor 
documentation be described in vague linguistic form. 
Terms like slow change and fast change require further 
clarification. 

C. Integration Into the Method 
 For automatic parsing of engine logs limit checking 
is integrated with the pattern recognition for the 
recognition of engine fault patterns, Fig. 11.  
 

 
 

Figure 11.  Log data analysis using engine parameters limits and 
recognition of various fault patterns 
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Figure 12.  Fault pattern recognition for various faults 
 

Limit checking is used for checking if engine parameters 
exceeded documented allowable extremes and pattern 
recognition for detection and isolation of various faults 
described by corresponding EGT-CHT fault patterns.  

When using limit checking, there exists a possibility 
of using additional regime dependent limits based on 
engine speed - RPM, % of calculated maximal horse 
power - % HP or using flight phases, [12]. However, 
such limits are not widely discussed in comparison to 
use of limits corresponding to extreme values from Table 
II that practically represent common knowledge. 

In a similar way measures for engine roughness and 
parameter fluctuations could be introduced in form of 
standard deviations of parameters in a recent period, 
however, no referent values are present in literature. 

 
 

VI. RULE-BASED FAULT PATTERN RECOGNITION 
 Proposed pattern recognition technique employed in 
this method is rule based. This is due to rather precise 
fault pattern descriptions available in pilot’s guides that 
accompany engine monitors, [1-3, 8]. There is also a lack 
of necessary numerous real world fault patterns that 
would otherwise justify use of some statistical pattern 
recognition techniques. Pattern recognition for the set of 
fault patterns is illustrated in Fig. 12. 

 
A. Statistical Pattern Recognition 

 

 In statistical pattern recognition, a pattern is 
represented by a set of features, or attributes, viewed as a 
multidimensional feature vector. Various approaches in 
statistical pattern recognition are presented in [13]. 
Statistical pattern recognition requires large sample of 
normal and abnormal (faulty) patterns, Fig. 13, that are 
still difficult to acquire due to very reliable aircraft 
engine operation (MTBF values of an order of 5,000-
30,000 hours) and consequently limited number of 
available recorded engine faults (and particularly various 
types of faults). For reliable pattern recognition each 
fault should be represented with at least several fault 
samples. It is not impossible to collect large sample base 
of this faults, but this would require collaboration of 
large owner base of aircrafts equipped with engine 
monitors willing to share such data. Producers of piston 
engines don’t disclose engine failure data and statistics. 
 
B. Rule Based Pattern Recognition 

 

 Rule based classifier represent the model as a set of 

 
 

Figure 13.  Statistical pattern recognition 
 

IF-THEN rules. A rule covers a pattern x if the 
antecedent is satisfied (the rule is said to be triggered), 
[14]. 
 

Rule n:  IF condition THEN conclusion   (7) 
 

 A rule set may be not exhaustive (existence of 
patterns not covered by any rule) and may not be 
mutually exclusive (several rules may be triggered by the 
same pattern). 
 

 
 

Figure 14.  Rule based pattern recognition with knowledge coded into 
set of IF-THEN rules 

 
 Rule based pattern recognition, Fig. 14, as a kind of 
syntactic pattern recognition can be used instead of 
statistical pattern recognition if there is clear structure in 
the patterns. However, the development of a rule base 
can take great effort to complete. Mathematical 
descriptions for most fault patterns are produced from 
linguistic descriptions and expert opinion. Such 
mathematical descriptions in terms of necessary 
conditions for patterns are suitable for the rule-based 
pattern recognition. 
 Empirical knowledge about fault patterns is used for 
creation of simple rules for detection of numerous faults. 
Original rules intended for maintenance personnel are 
defined as descriptions in English language, usually in 
just one sentence and catalogued in manuals, [2, 3]. 
 For detection of patterns it is necessary to know 
EGTs, CHTs, MAP, RPM and rate of change for EGT 
and CHT, (8) and (9): 

titii EEE ,1, −=∆ +
     (8) 

titii CCC ,1, −=∆ +
     (9) 

where Ei,t, Ei,t+1, Ci, Ci,t+1 are values of Ei and Ci at moments t 
and t+1. Extreme values Emax, Cmax that are maximal EGT 
and CHT values within particular record in a log are also 
needed, (10)-(11): 

( )
CNEEE ,...,max 1max =     (10) 

( )
CNCCC ,...,max 1max =     (11) 

 

Beside EGTs and CHTs, the prerequisite for some 
patterns is previous ignition maintenance (before current 
flight) and GPS altitude hGPS. Hence, the flag is 
introduced, FMaint - recent ignition maintenance (before 
the flight). On installation with no available GPS data 
altitude information is not present and detection of 
particular pattern is omitted. 

 

IF (recent ignition maintenance) FMaint=1, else FMaint=0 (12) 
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Following parameters are used in pattern recognition: 
 

Ei, Emax, ∆Ei, Ci , Cmax, ∆Ci,, ∆ESPAN, M, R, FMaint, hGPS 

 

 ∆ESPAN  denotes EGT span (DIFF) 
 M denotes manifold pressure (MAP) 
 R denotes engine speed (RPM) 

 

 The engine is normally operated with a slightly richer 
mixture. During leaning process, [1-4,8], EGTs could 
(temporarily) rise above limits from Table II. Leaning 
process may interfere with the fault detection producing 
false alerts. Hopefully leaning is performed only during 
very short periods in comparison with the duration of 
total flight and hence this is not a great disadvantage. 
 
C. Fault Patterns and Rules for Detection 

 

 Total of 17 patterns are considered for inclusion and 
based on its description in [2,3] appropriate rules are 
formulated. Patterns in Fig. 15-29 are shown both for 
same and separate bars versions of CHT-EGT display. 
Probable causes are also described in more detail in [2,3]. 
Rules for detection of patterns are upgraded and revised 
version of rules from [12] that now include temporal 
changes. Bellow is the list of catalogued patterns (six 
cylinder engine, Nc=6), but now with derived simple 
mathematical description (conditions) suitable for 
program implementation. Resulting conditions are 
described in (13)-(27). “For one” means “for just one”. 
 

1. 75° to 100° EGT rise for one cylinder during flight 
• faulty spark plug, plug, wire or distributor  

 

 
 

Figure 15.  Pattern 1 
 

IF (((Emax-Ei) > 75) AND (R > 1500)) for one i, i=1,...,Nc (13) 
 

RPM greater of 1500 (as in cruise flight) is introduce to 
differ from Pattern 6. 

 

2. EGT increase or decrease after ignition system 
maintenance 
• improper timing 

 
Figure 16.  Pattern 2 

 

IF ((FMaint=1) AND (M>20) AND (((Ei >600) AND (Ei<1000)) OR  
(Ei>1500)))  for all i,  i=1,...,Nc (14) 

 

3. Loss of EGT for one cylinder 
• stuck valve 

 
 

 
 

Figure 17.  Pattern 3 
 

IF ((M>20) AND (Ei >0) AND (Ei <600)) for one i, i=1,...,Nc   (15) 
 

EGT greater of 0 is introduced to differ from pattern 4. 
 

4. Loss of EGT for one cylinder; no digital EGT 
• failed probe or wire harness 

 
 

Figure 18.  Pattern 4 (same as 3) 
IF (Ei = 0) for any i,  i=1,…, Nc   (16) 

 

5. Decrease of EGT for one cylinder 
• faulty valve lifter 

 

 
 

Figure 19.  Pattern 5 
 

IF ((M>20) AND (Ei>600) AND (Ei<1000)) for one i, i=1,…,Nc (17) 
 

6. Decrease of EGT for one cylinder at low RPM 
• low compression 

 

 
 

Figure 20.  Pattern 6 
 

 IF (((Emax-Ei)>500) AND (R <1500))  for one i, i=1,…, Nc   (18) 
 

7. EGT and CHT not uniform (injection engines only) 
• dirty fuel injector or fouled plugs 

 

 
 

Figure 21.  Pattern 7 
 

Degree of uniformity is determined from the Ei/Ci ratio 
 

IF ((Ei/Ci)<3 OR (Ei/Ci)>6)  for any i,   i=1,…, Nc (19) 
 

8. Decrease in EGT for all cylinders 
• decreased airflow into the induction system (ice?!) 

 

 
 

Figure 22.  Pattern 8 
 

IF ((M >24) AND (Ei >1000) AND (Ei<1200))  for all i, i=1,…,Nc  (20) 
 

 

9. Slow rise in EGT, low CHT 
• burned exhaust valve 

 

 
 

Figure 23.  Pattern 9 
 

IF ((Ei > 1550) AND (Ci < 300))  for one i, i=1,..., Nc  (21) 
 

Introduction of ∆Ei is not quite appropriate as rule refers 
to very slow change (trend) in large number of logs from 
successive flights 
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10. High CHT on cylinders on one side of engine 

 

• obstruction under the cowling 
 

 

 

Figure 28.  Pattern 16 
 

IF ((Cmax >500) AND (Emax <1550))  (26) 
 

17. Large DIFF at low RPM 
 

• blow by in cylinder rings 
 
 

Figure 24.  Pattern 10 
 

IF (abs(Cleft–Cright) > 100)       left=2n  right =2n+1,  n=0,1,2   (22) 

 

 
Cylinders on the left side of the engine are even 
numbered, and on right side are odd numbered. 

  

Figure 29.  Pattern 17  

11. Rapid rise in EGT/CHT of one cylinder  

IF ((∆ESPAN >500) AND (R <1500))    (27) 
• detonation 

 
 

D. Parsing the Log File 
 

All records (Nrecords) in the log are checked for fault 
patterns (Npatterns) using procedure and derived rules: 

 
 

for record=1 to Nrecords
{ 
  find Ei, Emax, ∆Ei, Ci, Cmax, ∆Ci, ∆Espan, M, R, hGPS, FMaint
  for i = 1 to Npatterns 

  check rule for pattern(i) 
} 

With the introduction of ∆ Ci it is expected that Ci rise 
rapidly with temperature gradient greater than 5 °F/s (30 
°F in six seconds – default record time separation). 
 

 
 

Figure 25.  Pattern 11 VII. CONCLUSION 
Method for automatic interpretation of engine monitor 

log is proposed. It parses a log and is watching for engine 
parameter exceedances and potential fault patterns. Fault 
pattern recognition is realized using rule based pattern 
recognition where to each fault pattern correspond one or 
more rules. Such rules are developed by carefully 
analyzing decryptions of fault patterns intended for 
maintenance personnel and expressed in normal English 
language. Some rules are considered only below the 
particular altitude (acquire from GPS altitude if available 
in log) or after recent ignition maintenance and additional 
maintenance flag is manually determined before pattern 
recognition. This simple but effective approach may 
provide significant help to maintenance personnel. 

 
IF (((Ei >1550) AND (Ci >450)) OR ((Ci >350) AND (∆Ci >30))) 

 

 for one i,  i=1,...,Nc    (23) 
 

12. Sudden off scale rise for any or all cylinders 
• preignition or failed probe 

 

With the introduction of ∆Ei it is expected that Ei rise 
rapidly with temperature gradient greater than 10 °F/s 
(60 °F in six seconds – default record time separation). 
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