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Abstract—In operating induction motors (IMs), accurately 
estimating stray load losses (SLLs) through non-invasive 
techniques is essential to avoid performance disruptions. Due to 
the high complexity and invasiveness of direct measurement, as 
well as its impossibility in certain applications, empirical 
relationships are commonly used to estimate SLL. This paper 
introduces a novel model for estimating SLL in low-voltage, 
three-phase IMs using data from 425 simulated IMs in 
MATLAB, covering 380 V, 50 Hz IMs with different pole 
numbers and power ratings from 0.37 to 400 kW. SLL values 
were computed according to method B in the IEEE 112 
standard. The novelty of this research lies in, for the first time, 
employing a multilayer perceptron neural network as a non-
intrusive machine learning (ML) approach to estimate SLL 
using IM nameplate data, input power, and total harmonic 
distortion (THD). The developed model exhibits a strong 
correlation with simulated data, enabling accurate predictions 
under diverse operating conditions without requiring physical 
access to motor internals. Its effectiveness was confirmed 
through simulations and experimental validation, highlighting its 
potential as a precise and fully non-invasive method for 
estimating SLL in IMs.① 

Index Terms—IEC 60034-2-1 standard, IEEE 112 standard, 
Induction motor (IM), Multilayer perceptron (MLP), Stray load 
losses (SLLs), Total harmonic distortion (THD). 

I. INTRODUCTION 

UE to their efficiency, durability, and reliability, 
induction motors (IMs) are a popular choice for various 

applications, including those in industrial, commercial, and 
electric vehicle settings. Precise parameter estimation and 
monitoring are vital for efficient IM operation and loss 
reduction [1]. Losses, classified by IEEE/IEC standards, 
encompass iron, copper, mechanical, and stray load losses 
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(SLLs) [2]-[3]. In IMs, SLL is a function of the air gap flux 
density, the level of harmonic components present in the 
current and voltage, and the precise design of the stator and 
rotor slots [4]. Structural inhomogeneities, the motor’s load 
level, supply frequency and voltage, and even the motor’s 
overall design, including the length-to-diameter ratio, all 
contribute to the magnitude of these losses [5]. 

Methods for determining SLL fall into three categories: 
standard-based, finite element analysis (FEA), and SLL 
estimation methods. Standards-based approaches utilize 
international standards, such as IEEE 112 and IEC 60034-2-1, 
for SLL assessment. FEA methods, encompassing two-
dimensional (2D) and three-dimensional (3D) simulations, 
offer more accurate SLL evaluation through modeling 
software. SLL estimation methods are further divided into 
empirical relationship methods, which rely on experimental 
data, and equivalent circuit (EC) methods, which employ EC 
models for SLL calculation. Each category provides distinct 
tools for SLL determination [3]. 

The SLL measurement in IMs is performed based on 
various standards; however, these standards often yield 
different results and have limited accuracy. The main 
challenge is the precise separation of SLL from other IM 
losses, as SLL is usually not directly measurable and depends 
on loading conditions [6]. Due to the invasive nature of 
measuring SLL in various standards, non-invasive empirical 
relations have been developed for calculating SLL. Here, 
invasive methods refer to procedures requiring physical 
intervention that disturbs the motor’s normal operating state, 
such as stopping the motor and decoupling the load, 
disassembling motor’s components, or inserting additional 
sensors. Based on [7], a comparison of standards such as 
IEEE 112-B, IEC 60034-2-1, and JEC 37 reveals that the 
precise calculation of SLL is essential for correct efficiency 
calculations. 

SLL can be determined via 2D/3D FEA or the IM’s EC. 
While FEA, particularly 3D, offers high accuracy by detailing 
electromagnetic fields and losses, it is computationally 
intensive. The EC method provides a faster, simpler 
estimation; however, accurately determining its parameters is 
challenging. This reliance on approximations makes the EC 
method less precise than FEA, especially for IMs with varied 
operating conditions or complex designs [8]-[9]. In [10], 
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comparing methods like FEA, genetic algorithms (GAs), and 
empirical approaches for IM loss estimation, including SLL, 
shows FEA to be more accurate. In [11], FEA was integrated 
with experimental data to enhance SLL estimation. The 
impact of harmonics on SLL and efficiency was investigated 
in [12]. Furthermore, [13] introduced updated algorithms for 
evaluating repaired IM efficiency, which improved accuracy 
by estimating SLL using these EC-based algorithms. 

Several advanced techniques refine SLL calculations in 
IMs. For instance, [14] introduces a hybrid approach 
combining generalized airgap flux modulation theory with 2D 
FEA, enabling designers to optimize IM efficiency without 
physical prototypes. In [15], associated leakage currents and 
SLLs were examined, enhancing EC models with resistance-
based formulas for precise efficiency assessment. An 
empirical model for SLL calculation in inverter-fed IMs, 
developed in [5], achieved high accuracy across diverse test 
points. ECs for computation of mechanical and SLL losses 
were explored in [16], demonstrating improved loss 
distribution accuracy via nonlinear programming. The 
influence of sinusoidal supply voltage variations on SLL was 
modeled in [17], while space harmonics in squirrel cage IMs 
were addressed through additional resistance methods in [18]. 

Empirical relations estimate SLL in IMs using formulas 
derived from experimental data, linking SLL to parameters 
like rated input power and empirical coefficients. While 
providing quick and simple initial estimates, accuracy 
depends on the original experimental conditions. This method 
may fail under different conditions and often misses complex 
motor design details [19]. A formula for SLL estimation in 
IMs was validated against the IEEE 112 standard in [20], 
offering higher precision than the standard. 

Given the intrusive nature of SLL measurement based on 
standards, the use of empirical relations provided in these 
standards is preferred for determining SLL in IMs. The EC 
method, despite its high accuracy, is also intrusive and 
requires the determination of the EC parameters. FEA-based 
SLL calculation is limited by its dependence on IM material 
data, computational demands, and modeling complexities. In 
addition to the empirical relations in standards, some non-
invasive empirical approaches exist for SLL estimation, 
though their accuracy remains questionable. As a result, a 
non-invasive model with acceptable accuracy is needed to 
determine SLL in IMs. 

In the literature, machine learning (ML) has not been 
applied to estimate SLL in IMs. This article introduces a non-
invasive model based on the multilayer perceptron (MLP) 
neural network to overcome challenges in SLL estimation. 
The novelty of this research lies in employing the MLP for 
non-invasive SLL estimation in operating IMs utilizing only 
accessible data. MLP was selected for its superior nonlinear 
mapping, strong function approximation, and higher 
flexibility compared to decision trees, random forest, and 
regression models. The model was trained using data obtained 
from simulations of 425 IMs with varying power ratings 
(0.37-400 kW) conducted in MATLAB software with 
publicly available manufacturer data. SLL values were 

calculated under method B of IEEE 112. The proposed model 
non-invasively accurately estimates SLL across diverse 
operating conditions using nameplate data, input power, and 
total harmonic distortion (THD). It captures the effect of 
supply harmonics in both inverter-fed and line-fed IMs, 
supporting non-invasive SLL estimation and IM design 
applications. 

The effectiveness of the proposed model is rigorously 
validated through simulation and experimentation. The 
simulation validation involves comparing SLL estimations 
using the proposed model with those obtained from empirical 
relations. The experimental validation involves comparing 
SLL estimations using the suggested model with 
measurements from experimental setups and calculations 
based on existing empirical relations. Both the simulation and 
experimental results demonstrate the accuracy of the proposed 
model in estimating SLL. 

The remaining sections of this paper are structured as 
follows: Section II reviews the methods used to determine 
SLL in IMs. Section III introduces the proposed model for 
estimating the SLL. Section IV presents and analyzes the 
simulation results. Section V describes the experimental setup 
and shares the corresponding findings. Section VI discusses 
the limitations and applications of the proposed model. 
Finally, Section VII offers a conclusion about the study. 

II. SLL DETERMINATION METHODS IN IMS 

Various methods exist for computing SLL in IMs. Each 
offers a unique approach to calculation. These SLL 
calculation procedures are detailed separately below. 

A. SLL Measurement Using Standards 
Standards, such as IEC 60034-2-1, IEEE 112, JEC 37, and 

NEMA MG1, propose different methods for calculating SLL 
in IMs, yielding varying results for these losses. In method B 
of IEEE 112, SLL is calculated by subtracting ohmic, iron, 
and mechanical losses from the total IM losses, as shown in 
(1). Conversely, methods E and F estimate SLL based on the 
reverse rotation and the removed rotor tests [21]. 

( ) ( )ohmic,s ohmic,r iron fwsll i o P P P PP P P + + += − −  (1) 

where Psll is the SLL; Pi is the IM input power; Po is the IM 
output power; Pohmic,s and Pohmic,r are the stator and rotor 
ohmic losses; Piron is the iron loss; Pfw is the mechanical loss. 

The no-load test determines iron and mechanical losses. 
Stator copper losses are calculated using the stator resistance 
and operating current values, and the rotor copper losses are 
computed using the slip and airgap power at the operating 
point. Based on methods E and F in the IEEE 112 standard, in 
the removed rotor test, the IM rotor is removed, and the 
stator’s power, voltage, current, and resistance are measured 
to calculate the SLL at fundamental frequency. In the reverse 
rotation test, the stator is connected to the power supply, and 
the rotor is rotated at synchronous speed in the opposite 
direction, resulting in high-frequency losses. (2) and (3) 
express the components of SLL at fundamental (Psll,f) and 
high frequencies (Psll,hf) based on input power, necessary 
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mechanical power, and stator copper loss. The sum of these 
components indicates the SLL [21]. 

2
sll,f i,f s s3P P R I= −  (2) 

 

( ) ( )rev i,f cu,revsll,hf mech m P P PP P P − −= − −  (3) 
where Pi,f is the input power in the removed rotor test; Pmech is 
the mechanical power required to move the rotor by applying 
voltage to the stator; Pm is the mechanical power necessary to 
move the rotor without applying voltage to the stator; Prev is 
the electrical power input to the stator windings during the 
reverse rotation test; Pcu,rev is the stator copper loss in the 
reverse rotation test [3], [21]. Measurement of SLL in 
operating IMs, as per methods B, E, and F in the IEEE 112 
standard, is highly invasive and often not feasible. Therefore, 
for determining SLL, the empirical approach presented in 
method E1 of IEEE 112 is utilized. In this method, SLL at 
rated load is expressed as a percentage of the IM’s rated 
output power (Po,r), according to the values provided in Table 
I. For other load points, SLL losses are considered 
proportional to the square of the rotor current and are 
calculated using (4) [3]: 

2 2
s nl

sll,p sll,r 2
rot,r

I I
P P

I

 −
=   

 
 (4) 

where Psll,p is the SLL in the specified load point; Psll,r is the 
SLL at the rated load; Is is the stator current in the specified 
load point; Inl is the no-load current; Irot,r is the rotor current at 
the rated load. 

TABLE I 
ASSUMED SLL VALUE BASED ON METHOD E1 OF IEEE 112  

STANDARD [3], [21] 
Po,r SLL value as a percentage of Po,r 

125 hp and below 1.8% 
126-500 hp 1.5% 
501-2499 hp 1.2% 

2500 hp and above 0.9% 
 

According to the IEEE 112 standard, methods E and F 
(removed rotor, reverse rotation) and method B (loss 
segregation) are invasive. They interrupt normal motor 
operation, requiring a stop, load decoupling, rotor removal, or 
reverse driving. These actions impose abnormal 
mechanical/electrical stress and demand direct terminal 
access, interfering with the supply or drive circuitry. Hence, 
they are impractical for in-service IMs and limited to 
laboratories. 

In the IEC 60034 standard, the SLL value is assumed to be 
0.5% of the IM’s rated output power. Due to the low accuracy 
of this value, this method has been modified in the new 
version, IEC 60034-2-1. In the IEC 60034-2-1 standard, the 
SLL value is estimated using empirical relations based on the 
IM’s rated input and output power, as shown in (5) [3], [22]: 
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 (5) 

The JEC37 standard has lower accuracy in SLL evaluation 
compared to the IEEE 112 and IEC 60034-2-1 standards. It 
assumes SLL is negligible (Psll = 0) [3], [23]. NEMA MG1 
standard provides measurement techniques via tests and 
theoretical computations, mirroring methods E and F in IEEE 
112. If direct measurement is infeasible, SLL is expressed as a 
percentage of the Po,r, as shown in Table II [3], [24]. 

Specifying SLL based on empirical relations in standards, 
while facile and accessible, comes with certain limitations. 
One of the most significant challenges is the discrepancy in 
the assumed values of SLL across different standards. These 
differences, particularly in industrial applications where 
accuracy is crucial, diminish trust in these methods. 

TABLE II 
ASSUMED SLL VALUE BASED ON NEMA-MG1 STANDARD [3], [24] 

Po,r SLL value as a percentage of Po,r 
2499 hp and below 1.2% 
2500 hp and above 0.9% 

 

B. SLL Calculation Using FEA-based Techniques 
Beyond standard practices, recent studies highlight the use 

of FEA for more precise SLL estimation in IMs. This 
approach utilizes specialized software to develop detailed 
motor models that simulate electromagnetic behavior by 
defining geometry, material properties, and operating 
conditions for accurate 2D or 3D representations. FEA 
enables numerical calculation of SLL, offering valuable 
insights into motor performance [3]. However, its practical 
application is limited by the requirement for detailed design 
data, magnetic material properties, and geometric details that 
are often unavailable for in-service IMs. Hence, FEA is 
typically used in laboratory settings or under carefully 
controlled conditions. 

C. SLL Estimation Using Empirical Relations 
In this approach, after conducting various tests on a set of 

IMs and analyzing the results, relations are derived for 
calculating SLL. An empirical formula for estimating SLL, 
derived from extensive testing of 182 IMs at various power 
levels, is presented in [20]. This formula shows greater 
accuracy compared to standard-based methods and is 
specified in (6). One limitation of this relation is that it 
considers SLL solely as a function of input power, neglecting 
other factors such as IM dimensions and slot arrangement. 
Thus, empirical methods, though simple and relatively 
precise, fail when motors with identical power but different 
geometries exhibit varied leakage flux and, hence, different 
SLL values [3]. 

sll i0.0011P P=  (6) 

D. SLL Determination Using IM Equivalent Circuit 
Intelligent algorithms (IAs) offer an accurate estimation of 

EC parameters of IM, supplementing traditional laboratory 
methods. Precise EC parameter values enable the calculation 
of SLL across various IM operating conditions. A proposed 
EC for computing SLL in IMs, shown in Fig. 1, incorporates a 
series resistance (Rstll) representing SLL, connected in series 
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with the Xlr. Key parameters of the EC, including Xls, Xg, Rr, 
and Ri, are determined by IA-based approaches. The 
parameters Xlr, Xls, Xg, Rr, and Ri represent the rotor leakage 
reactance, stator leakage reactance, magnetizing reactance, 
rotor resistance, and iron-loss resistance, respectively. The 
NEMA-MG1 standard, in Table III [24], defines the 
relationship between Xls and Xlr. After estimating the 
parameters Xls, Xg, Rr, and Ri, the Xlr value is calculated 
according to Table III. Rs is either measured or estimated. 
Ultimately, Rstll, signifying SLL, is computed using (7) [25]. 

( )r rl
stll

rl

0.018 1R S
R

S
−

=  (7) 

where Srl is the slip in full load. The potentially invasive 
aspect of the EC method does not stem from equipment 
interference, but rather from the necessity of performing 
specialized offline tests, like the no-load and locked-rotor 
tests, which inherently alter the IM’s operational state. This 
invasiveness is then amplified by the significant data 
requirements and integration complexities associated with the 
IA themselves, as they necessitate controlled interventions to 
produce accurate SLL estimations. Consequently, the 
identification of EC parameters through IAs within EC 
methods can be seen as invasive, making their application for 
determining SLL in operational IMs a less favorable choice. 

TABLE III 
RATIO BETWEEN XLS AND XLR IN NEMA MG1 STANDARD [24] 

Design class Xls/Xlr ratio 
A 1.00 
B 0.67 
C 0.43 
D 1.00 

 

 
Fig. 1. Proposed EC for analyzing SLL in three-phase IMs [3]. 

III. PROPOSED MODEL FOR ESTIMATING SLL 

This section outlines the methodology behind the proposed 
model for estimating SLL in IMs. The model was developed 
based on data acquired from calculating SLL in 425 simulated 
IMs in MATLAB software. The 425 simulated IMs were 
modeled using data from several manufacturers, covering 
efficiency classes IE1 to IE3, both squirrel-cage and wound-
rotor types, and a wide range of rated powers and pole 
numbers; their basic specifications are given in Table IV [1]. 
Cage materials vary from aluminum (low/medium power) to 
copper (high power). Different frame sizes and multiple 
designs per power level ensure substantial diversity, reducing 
the risk of overfitting to any specific motor family. 

The simulated IMs dynamically adjust electrical parameters 
with load to reflect nonlinear effects such as magnetic 
saturation and conductor losses, achieving realistic motor 
behavior. Final results were validated against manufacturer 

data to ensure model accuracy. To ensure a comparative 
validation of the simulated IMs against physical IMs in 
catalogs, four distinct IMs were selected, varying in pole 
count and power ratings. These selected motors were then 
operated under their rated load conditions. Key operational 
parameters, such as current, torque, and efficiency, were 
measured for both the physical IMs and their simulated 
counterparts. Table V presents a detailed comparison of these 
parameters. The observed exact agreement between the 
simulated and physical motor parameters unequivocally 
demonstrates that the developed simulation IMs accurately 
replicate the dynamic behavior of real-world IMs. 

TABLE IV 
THE INFORMATION ON THE STUDIED IMS 

 
Simulated IMs data 

Number of IMs Fed voltage/V Frequency/Hz Nominal output 
power range/kW 

2-pole 113 380 50 0.37 to 400 
4-pole 113 380 50 0.37 to 400 
6-pole 106 380 50 0.37 to 315 
8-pole 93 380 50 0.37 to 250 

TABLE V 
KEY OPERATING PARAMETERS AT FULL LOAD FOR  

SIMULATED AND PHYSICAL IMS 

 Parameter IM 1 
(4-pole) 

IM 2 
(8-pole) 

IM 3 
(2-pole) 

IM 4 
(6-pole) 

Simulated Input power/kW 48.911 116.649 16.573 80.128 
Physical 48.910 116.648 16.574 80.13 

Simulated Efficiency/% 92 94.3 90.5 93.6 
Physical 92 94.3 90.5 93.6 

Simulated Rated current/A 85.42 211.01 28.29 141.59 
Physical 85.4 211 28.3 141.6 

Simulated Rated 
speed/(r/min) 

1465 743 2955 983 
Physical 1465 743 2955 983 

Simulated Torque/(N·m) 293.31 1413.8 48.474 728.58 
Physical 293.3 1413.8 48.47 728.6 

Simulated Output 
power/kW 

45 110 15 75 
Physical 45 110 15 75 
 
The SLL estimation model was developed using the MLP 

algorithm, trained on data obtained by calculating SLL in 
simulated IMs under various operating conditions, based on 
method B in IEEE standard 112. ML-based approaches have 
not been applied to SLL estimation in IMs. MLP was chosen 
for its strong function approximation and higher flexibility 
compared to other ML algorithms. Hence, the superiority of 
the suggested MLP model is non-invasive SLL prediction 
using accessible data. Next, the MLP algorithm, its execution, 
and the proposed model development stages will be described. 

The MLP is a foundational artificial neural network 
architecture adept at learning intricate, non-linear data 
relationships. Featuring an input layer, multiple hidden layers, 
and an output layer, its neurons process information through 
interconnected pathways. MLPs learn via backpropagation, an 
iterative technique where connection weights are adjusted to 
minimize prediction errors against target values. By 
propagating errors backward and updating these weights, 
MLPs excel at modeling complex patterns, rendering them 
highly versatile for a multitude of applications across various 
domains. This capability to decipher intricate relations 
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through layered processing and error-driven adjustments is 
key to their extensive utility [26]. 

MLPs distinguish themselves through an iterative error 
correction mechanism, setting them apart from ensemble 
methods. Parameters like layer structure and learning rate are 
configured before a forward pass generates an initial output. 
This output is then compared with actual targets, and an error 
is calculated. The backpropagation algorithm efficiently 
propagates this error backward, adjusting neuron connection 
weights to minimize discrepancies. This forward prediction 
and backward error correction cycle iteratively refines the 
network’s mapping, enhancing its ability to learn complex 
relations and making it a powerful tool for power engineering 
tasks such as fault diagnosis and system modeling [26]. 

Initially, a baseline model was established using calculated 
SLL for IMs in full load at 50 Hz, balanced and harmonic-free 
supply conditions. Following method B of IEEE Standard 
112, total losses were derived by subtracting Po from Pi. 
Ohmic losses at full load were calculated, and mechanical and 
iron losses were calculated via a no-load test. SLL was then 
determined by subtracting ohmic, iron, and mechanical losses 
from the total losses. Subsequently, an initial SLL prediction 
model for IMs was developed employing the MLP algorithm. 
In this process, data regarding output power, input power, and 
SLL values for each motor were stored separately. The input 
power at rated load was considered an independent variable, 
and the initial model was built based on this parameter. 

The initial MLP model estimates SLL in IMs using 
nominal full-load data at 50 Hz without harmonics. However, 
a significant limitation was its inability to incorporate load 
variations, despite SLL being load-dependent. To overcome 
this, new datasets were created through simulations conducted 
across various load points (40% to 120% of rated load) at 
50 Hz. These expanded datasets were subsequently used to 
retrain the model, thereby enhancing its accuracy in capturing 
the intricate relation between SLL and diverse load 
conditions. 

In practical scenarios, especially with inverter-fed IMs, 
harmonic components are present in the supply voltage, 
directly influencing SLL. To address this, SLL was calculated 
for simulated IMs across 0-20% THD levels (in 5% steps). 
This THD value was subsequently incorporated as a new 
input to the model. While carrier frequency and modulation 
methods also influence SLL by affecting THD, the proposed 
model implicitly accounts for these factors through the THD 
input, as it serves as a key indicator of the supply’s harmonic 
content. The model was then retrained, resulting in a final 
version capable of accurately estimating SLL at various load 
points and under supply conditions with harmonic content. 

The final trained model was developed using the MLP. 
This choice was driven by the MLP’s capability to model the 
intricate, non-linear dependencies essential for SLL 
estimation, outperforming regression and simpler ML 
techniques. The model integrated diverse input data, 
encompassing input power, THD, and nameplate data, 
ensuring comprehensive coverage of operational conditions. 
The MLP architecture featured two hidden layers employing 

“tansig” transfer functions. The first layer’s neuron count was 
optimized, ranging between 30 and 45 neurons, with the 
second layer featuring five fewer neurons. Training utilized 
the “trainlm” (Levenberg-Marquardt) algorithm for up to 
1000 epochs, incorporating an early stopping mechanism (30 
epochs without validation improvement) and key parameters: 
a learning rate of 0.0003 and a decay rate of 0.995. These 
hyperparameters were determined through an iterative 
empirical tuning process to ensure stable convergence and an 
optimal balance between training speed and model accuracy. 

To enhance accuracy, especially for high-output power 
samples, and to ensure robust generalization while preventing 
overfitting, a two-phase weighting strategy was implemented. 
This involved initial weighting based on the inverse of the 
kernel density estimation of the rated output power, followed 
by a final training phase that prioritized samples with higher 
initial prediction errors. This holistic methodology ensures the 
MLP-based model’s ability to generalize across various 
operational states and mitigate overfitting, delivering precise 
SLL estimates essential for practical applications. 

While approaches like method B of IEEE 112 standard 
have limitations in loss separation, the lack of proprietary 
geometric data for FEM analysis necessitated an extensive 
MATLAB simulation of 425 IMs. By validating these models 
against catalog specifications, the MLP was trained to learn 
underlying physical relationships rather than memorizing raw 
data. This approach effectively mitigates measurement noise 
and enhances the model’s generalization capabilities. 

Fig. 2 shows the progression of the mean squared error 
(MSE) over the epochs during the training process. The graph 
clearly illustrates how the error steadily decreases as training 
progresses, indicating that the model is effectively learning 
and adjusting its weights. The convergence of the MSE curve 
suggests that the model has reached a stable state, where 
further training does not result in significant improvements in 
accuracy. This behavior confirms that the training process was 
successful and that the model has achieved excellent 
convergence performance. Additionally, no signs of 
overfitting are observed, meaning that the model generalizes 
well to unseen data and maintains robustness across various 
operational scenarios. 

 
Fig. 2. Progression of the MSE over the epochs during the training process of 
the model. 

Following the final training of the model based on the 
extracted data from 425 simulated IMs within MATLAB, the 
trained model is used to estimate the SLL in new IMs, 
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specifically, those not included in the 425 simulated IMs. To 
facilitate this, a prediction code has been developed that 
estimates the SLL for each new IM based on the recorded data 
of the trained model and using the data of the IM under study 
(including the information on the IM nameplate, input power, 
and THD values). If the new IM’s data match the trained 
model’s registered dataset, the SLL is estimated directly based 
on the registered data. Otherwise, if the new IM data does not 
correspond with the registered dataset in the trained model, 
the prediction code considers the closest relevant values from 
the registered information of the trained model and estimates 
the SLL of the IM in question using nonlinear interpolation. 
The flowchart of the proposed model implementation process 
for non-invasive SLL estimation is shown in Fig. 3. 

 
Fig. 3. The flowchart of the proposed model implementation process. 

The proposed model for accurately estimating SLL in each 
IM requires only IM nameplate data, input power, and THD 
values, which makes the proposed model non-invasive. While 
certain IM design factors, such as different geometric 
structures, do influence SLL, their effects are implicitly 
incorporated into the model’s training process due to the 
adequate variability within the simulated motors. 

Consequently, their contribution to the final model’s error is 
minimal, especially in industrial applications. Therefore, the 
proposed model emerges as a simpler and much more 
efficient alternative compared to invasive methods for 
estimating SLL. 

IV. SIMULATION RESULTS, DISCUSSION,  
AND COMPARISONS 

This section is organized into two subsections: a) proposed 
model performance evaluation on test data, and b) physical 
response validation. The first subsection presents a 
comparative accuracy analysis, whereas the second 
investigates the physical consistency of the proposed model’s 
behavior through response-sensitivity examination. 

A. Comparative Accuracy Evaluation on Simulated Data 
In this subsection, the accuracy of the proposed SLL 

estimation model is investigated based on the analysis of 425 
simulated IMs. For this purpose, the SLL values estimated by 
the proposed model are compared with empirical relations 
found in the IEEE 112 (Table I) [21], IEC 60034-2-1 (5) [22], 
and NEMA MG1 (Table II) [24] standards, (6) [20], and 
values calculated using method B in the IEEE 112 standard 
under various operating conditions. 

Fig. 4 illustrates the SLL values calculated via the IEEE 
112 standard, in comparison with the estimated values from 
the proposed model and the mentioned empirical relations, 
under conditions of rated load, 50 Hz, and without harmonics. 
Under the conditions mentioned, the proposed model’s 
estimated SLL values show remarkable agreement with the 
calculated SLL, affirming its high accuracy. Conversely, 
empirical relations (5) and (6) and Tables I and II demonstrate 
weaker agreement with calculated SLL values when 
compared, indicating their insufficient accuracy for estimating 
SLL in the studied IMs. The results shown in Fig. 4 
substantiate the proposed model’s superior accuracy in SLL 
estimation. 

Subsequently, the SLL estimation error for both the 
proposed model and existing relations, relative to the 
calculated values, is calculated for further analysis under full 
load, 50 Hz, and no harmonic conditions. Four error ranges 
are considered: 0-10%, 10%-20%, 20%-30%, and over 30%. 
The number of simulated IMs within each SLL estimation 
error range is then determined for both the proposed model 
and the existing empirical relations. Fig. 5 shows the number 
of studied IMs (as a percentage) falling into each SLL 
estimation error range under these specific operating 
conditions. 

Referring to Fig. 5, it is observed that when using the 
proposed model, 52% of the simulated IMs have an 
estimation error below 10% compared to the calculated 
values. In contrast, when employing (6) and the NEMA MG1 
standard, 81.4% and 78.1% of the studied IMs, respectively, 
exhibit an estimation error exceeding 30%. Furthermore, for 
the IEEE 112 standard, 45.2% of the IMs have an SLL 
estimation error greater than 30%, with only 22.3% of the IMs 
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having an estimation error less than 10%. For the IEC 60034-
2-1 standard (5), 31.8% of the studied IMs have an SLL 
estimation error below 10%, and only 15.5% of the IMs have 
an estimation error greater than 30%. Although the estimation 
error of the relation provided by the IEC 60034-2-1 standard 

is lower than that of other empirical relations, its accuracy in 
SLL estimation is still inferior to that of the proposed model. 
Therefore, the results presented in Fig. 5 indicate the high 
accuracy of the proposed model relative to the existing 
empirical relations in SLL estimation. 

 
Fig. 4. Calculated and estimated SLL values for simulated IMs under full load, 50 Hz, and no harmonic conditions. 
 

 
Fig. 5. The number of simulated IMs (in percentage) in each SLL estimation 
error level under full load, 50 Hz, and no harmonic conditions. 

To comprehensively evaluate the performance of the 
proposed SLL estimation model under various operating 
conditions, in addition to full load, load points ranging from 
40% to 120% of full load are considered. Furthermore, given 
that industrial IMs sometimes operate with harmonic-
containing power supplies, which affect the SLL value, 
conditions with harmonic content at THD levels from 0% to 
20% (in 5% increments) are considered for different load 
points. Subsequently, for each load point and THD level, the 
estimation error of the proposed model and existing empirical 
relations is calculated and categorized. Then, the average 
percentage error for each IM is computed across all load 
points and THD levels. Finally, the number of studied IMs in 
each SLL estimation error level is calculated for both the 
proposed model and the existing empirical relations. 

Fig. 6 illustrates the number of studied IMs (in percentage) 
within each SLL estimation error level, in different load 
points and THD levels. The results from this figure indicate 
that under various operating conditions and when using the 

proposed model, 50.3% of the simulated IMs have an average 
estimation error of less than 10%, while only 14.5% of the 
IMs exhibit an estimation error exceeding 30%. In contrast, 
the empirical relations provided in the IEEE112 and NEMA 
MG1 standards, as well as (6), demonstrate low accuracy in 
SLL estimation. Specifically, at least 71% of the studied IMs 
have an average estimation error greater than 30%, which is 
unacceptable. 

 
Fig. 6. The number of simulated IMs (in percentage) in each SLL estimation 
error level in different load points and THD levels. 

For the IEC 60034-2-1 standard, 37.9% of the studied IMs 
have an average estimation error greater than 30%, and only 
19.7% have an average estimation error of less than 10%, 
indicating a relatively low accuracy for this standard’s 
relations in SLL estimation. Analysis of the results at each 
load point and THD level reveals that for the existing 
empirical relations, the average estimation error increases 
compared to the conditions of full load and zero THD. The 
reason for this increase in error for scenarios outside of full 
load and at various THD levels in estimating SLL losses is 
that these relations were developed solely based on operating 
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conditions at full load and without harmonic effects, and the 
impact of operating at load points other than full load has not 
been accounted for. Finally, the analysis of the results in  
Fig. 6 confirms that, unlike the existing empirical relations, 
the proposed model is capable of accurately estimating SLL 
under diverse operating conditions. 

B. Quantitative Sensitivity Analysis 
Two sensitivity analyses are conducted here: the first 

examines the effect of reference data uncertainty, and the 
second verifies the proposed model’s causal response to THD 
and load variations. 

1) Sensitivity to reference data uncertainty (IEEE 112-B) 
The sensitivity analysis of the proposed MLP model was 

conducted to evaluate its performance against uncertainties in 
reference data of method B in IEEE 112. By simulating 
varying levels of uncertainty from 0% to 20%, the impact of 
changes in input parameters on key performance metrics, 
namely root mean square error (RMSE), mean absolute error 
(MAE), and mean absolute percentage error (MAPE) were 
quantified. At 0% uncertainty, the results showed an RMSE of 
164.57 W, a MAE of 88.32 W, and a MAPE of 12.53%. As 
the uncertainty increased to 20%, the RMSE escalated to 
302.78 W, the MAE to 174.57 W, and the MAPE to 29.18%, 
indicating growth factors of approximately 1.83, 1.98, and 
2.33, respectively. These quantitative results demonstrate that 
the model maintains a predictable performance, showcasing 
its robustness against reasonable levels of reference data 
uncertainty. The relationship between uncertainty and error 
metrics is illustrated in Fig. 7. 

 
Fig. 7. Sensitivity analysis: uncertainty vs. error metrics (RMSE, MAE, and 
MAPE). 

2) Sensitivity to input variables (THD and load) 
This subsection quantitatively examines the internal causal 

relationships of the proposed MLP model by computing the 
partial derivative ∂SLL/∂THD and comparing it with the 
physically derived sensitivity (method B of IEEE 112 
standard) across all load and THD levels. The analysis focuses 
on the non‑linear coupling between THD and load to assess 
the model’s physical consistency. 

Fig. 8 presents the SLL estimated by the proposed MLP 
model versus those calculated according to method B of IEEE 
112, as a function of THD at various load points for four 

randomly selected IMs from the 425 IM dataset. The selected 
IMs cover a wide power range and different pole numbers. In 
all four cases, the MLP predictions closely follow the 
physically calculated SLL across the entire THD range from 
0% to 20%. The excellent agreement, with MAPE values well 
below 11% and as low as 1.55%, demonstrates that the model 
successfully captures the nonlinear relationship between 
harmonic distortion and stray load losses. Notably, the error 
does not exhibit a systematic bias with motor size or pole 
count, indicating that the model generalizes well across 
different motor designs. 

 
Fig. 8. Comparison of estimated and calculated SLL versus THD for four 
selected IMs at various loads. 

Fig. 9 provides a more rigorous quantitative verification by 
comparing the partial derivative ∂SLL/∂THD obtained from 
the physical reference (method B of IEEE 112 standard) and 
from the MLP model for the best‑performing IM in Fig. 8 
(132 kW, 8‑pole). The contour maps of sensitivity are plotted 
against load and THD. As can be seen, the two contour plots 
are visually almost identical: Both show that the sensitivity 
increases with load and is moderately higher for mid‑range 
THD levels. This near‑perfect match confirms that the MLP 
model has not only learned the final SLL values but also the 
underlying causal mechanism—i.e., how changes in THD 
affect SLL under varying load conditions. 

 
Fig. 9. Contour maps of physical and MLP‑derived sensitivity ∂SLL/∂THD 
for the best‑performing IM. 

Fig. 10 shows the histogram of the correlation coefficients 
between the physical and MLP‑derived sensitivities 
(∂SLL/∂THD) computed for all 425 IMs. The mean 
correlation coefficient is 0.902, with the majority of IMs 
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exhibiting correlations above 0.85. A correlation of this 
magnitude is widely considered “high” in engineering and ML 
contexts. The narrow spread of the histogram indicates that 
the model performs consistently well across the entire 
population of IMs, regardless of rated power or pole number. 
This statistical evidence substantiates the claim that the 
proposed MLP model has learned the physical relationship 
between THD and SLL in a causally consistent manner, rather 
than merely fitting the output values. 

 
Fig. 10. Histogram of correlation coefficients between physical and MLP 
sensitivity across all 425 IMs. 

In summary, the proposed MLP model accurately estimates 
SLL under distorted supply conditions and correctly captures 
the nonlinear coupling between THD and load. The high mean 
correlation (0.902), low sensitivity error (2.77 W/%), and 
excellent agreement in contour maps confirm its physical 
consistency. Thus, the model offers a reliable, non‑invasive 
alternative for SLL estimation. 

V. EXPERIMENTAL SETUP AND VALIDATION 

The effectiveness of the proposed SLL estimation model is 
experimentally validated in this study. This validation is 
performed by comparing estimations from the proposed 
model and empirical relationships against measured SLL 
values, following method B of the IEEE 112 standard. The 
experimental setup, illustrated in Fig. 11, consists of a digital 
power meter (measuring voltage, current, and input power), a 
magnetic powder brake and its controller for adjustable load 
torque, and an IM. Test IM specifications are detailed in 
Table VI. Due to the absence of a variable frequency drive 
(VFD) in the setup, SLL values were measured and estimated 
at 50 Hz, with no harmonics, across a range of load points. 
The study commenced with measuring full-load SLL values 
for the test IMs according to method B of IEEE 112 standard. 
This was followed by estimations using empirical methods 
and the proposed model. 

TABLE VI 
INFORMATION ON THE TESTED IMS 

IM information Motor 1 Motor 2 Motor 3 Motor 4 
Fed voltage/V 220 380 380 380 

Connection Delta Delta Delta Delta 
Rated output power/kW 0.3 1.1 3 4 

Number of poles 4 2 4 6 
Current in full-load/A 1.4 2.5 6.5 9.6 

Frequency/Hz 50 50 50 50 
Speed in rated-load/(r/min) 1420 2825 1435 950 

 
Fig. 11. The experimental setup for validation. 

To measure the SLL of the test IMs according to method B 
of IEEE 112 standard, first, total losses are calculated by 
subtracting the output mechanical power from the input 
electrical power. Mechanical and iron losses are computed 
through a no-load test. Next, the stator and rotor copper losses 
are determined. The SLL value is then obtained by subtracting 
these iron, mechanical, and copper losses from the total 
measured losses, as shown in (1). The following step involves 
estimating the SLL values at rated load for the experimental 
IMs under various operating conditions using both the 
proposed model and established empirical relations. Table VII 
provides a comparative summary of the measured and 
estimated SLL values at full load (50 Hz) for the experimental 
IMs. The results presented in Table VII demonstrate that the 
proposed model yields estimations with only minor deviations 
from the measured SLL values for the studied IMs. However, 
the empirical relations, when compared to the measured data, 
reveal significant discrepancies in some cases, thus indicating 
a lower level of accuracy compared to the proposed model for 
SLL estimation. 

According to Table VII, the proposed model exhibits a 
maximum estimation error of 6.16% at rated load and 50 Hz, 
occurring in the 0.3 kW IM. Conversely, the investigated 
empirical relations show a minimum error of 5.21% in the  
3-kW IM, specifically with the IEC 60034-2-1 standard’s 
relation. Other empirical relations yield higher errors, with the 
NEMA MG1 standard’s relation for the 0.3 kW IM resulting 
in an error as high as 84.1%. These findings consequently 
underscore the questionable accuracy of empirical relations 
and affirm the superior precision of the proposed model. 

TABLE VII 
MEASURED AND ESTIMATED SLL VALUES OF THE TESTED IMS AT FULL 

LOAD AND 50 HZ FREQUENCY 

 Procedure 
0.3 kW 

IM 
1.1 kW 

IM 
3 kW 
IM 

4 kW 
IM 

SL
L 

va
lu

e 
(W

) 

Measured [21] 22.7 46.1 84.3 115.7 
Estimated using the proposed model 24.1 47.8 84.2 118.2 

Estimated using the IEEE 112 
standard (Table I) [21] 5.4 19.8 54 72 

Estimated using the IEC 60034-2-1 
standard (5) [22] 9.9 33.9 79.9 107.4 

Estimated using the NEMA MG1 
standard (Table II) [24] 3.6 13.2 36 48 

Estimated using (6) [20] 4.4 15.1 38.9 53.7 

Es
tim

at
io

n 
er

ro
r (

%
) Proposed model 6.16 3.69 0.12 2.16 

IEEE 112 standard 76.2 57.0 35.9 37.8 
IEC 60034-2-1 standard 56.4 26.5 5.21 7.17 
NEMA MG1 standard 84.1 71.4 57.3 58.5 

Relation (6) 80.6 67.2 53.8 53.6 
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Further evaluation of the proposed SLL estimation model 
for experimental IMs at different load points involved 
measuring SLL values at 60%, 80%, 100%, and 120% of 
rated load, with a 50 Hz supply and no harmonics. These 
measured SLL values were then compared against estimations 
derived from the proposed model and existing empirical 
relations. The estimation errors for SLL were subsequently 
calculated for both the proposed model and the empirical 
relations from the reviewed standards and (6) across these 
load points. The average SLL estimation error for each 
method at these various loads was then computed. Fig. 12 
presents a comparison of the average SLL estimation error 
between the proposed model and existing empirical relations 
for the experimental IMs at these different load points. 

 
Fig. 12. The average SLL estimation error of the proposed model and existing 
empirical relations for the experimental IMs at the different load points. 

As shown in Fig. 12, when using the proposed model, the 
average SLL estimation error for the experimental IMs across 
various load points is low, with a maximum average error of 
4.56%. In contrast, using the empirical relations results in a 
high average SLL estimation error for the experimental IMs. 
Specifically, when utilizing the empirical relations provided 
by IEEE 112, IEC 60034-2-1, NEMA MG1, and (6), the 
minimum average SLL estimation errors for the IMs under 
study are 47.75%, 29.66%, 47.32%, and 42.63%, respectively. 
These values are high and considered unacceptable. Finally, 
Table VIII summarizes the average SLL estimation error at 
different load points for all experimental IMs. The findings 
presented in Fig. 12 and Table VIII underscore the accuracy 
of the proposed model in estimating SLL across various load 
points for these test IMs. 

TABLE VIII 
AVERAGE PERCENTAGE ESTIMATION ERROR OF SLL AT DIFFERENT LOAD 

POINTS FOR TESTED IMS 
Method Average percentage estimation error/% 

Proposed model 3.4 
IEC 60034-2-1 standard [22] 33.2 

IEEE 112 standard [21] 50.89 
(6) [20] 54.22 

NEMA MG1 standard [24] 54.86 
 
Although experimental validation is restricted to 50 Hz 

without harmonics, the proposed model’s capability under 
harmonic distortion was validated via simulations in Section 
IV, encompassing a THD range of 0-20% across various load 

points. These complementary approaches collectively validate 
the model’s robustness. 

VI. LIMITATIONS AND APPLICABILITY OF PROPOSED MODEL 

Given the absence of ML-based techniques for estimating 
SLL in IMs and the superiority of MLP over other ML 
algorithms due to its strong function approximation and 
higher flexibility, this paper introduces a non-invasive model 
based on the MLP to address SLL estimation challenges. Its 
main strength lies in employing the MLP for non-invasive 
SLL estimation by relying solely on accessible and easily 
measurable inputs: nameplate data, input power, and THD. 
This accessibility makes the model particularly suitable for 
real-time monitoring and integration into embedded industrial 
systems, while offering a computationally less complex 
alternative to traditional numerical methods such as FEA. The 
development of this model, based on data from 425 simulated 
IMs and experimentally validated on four IMs (0.3, 1.1, 3, and 
4 kW), provides a solid basis for its predictive capability. 

However, the practical implementation of this model in 
industrial environments warrants careful consideration of 
potential challenges. Environments characterized by 
significant electrical noise could compromise the accuracy of 
the essential input measurements. Furthermore, the model’s 
reliance on nameplate data assumes its accuracy and 
completeness, which may not always be the case for 
undocumented IMs in industrial settings. From a scope view, 
the model’s generalizability beyond the tested power range 
(0.37-400 kW) and its applicability to non-standard motor 
designs or extreme operating conditions (e.g., highly 
nonlinear loads) would require further data collection and 
validation. Furthermore, it should be noted that the proposed 
model is developed based on a supply frequency of 50 Hz and 
has shown its applicability for estimating SLL in this specific 
frequency range. To accurately estimate SLL under different 
supply frequencies, the model needs to be retrained. Despite 
its data-driven nature, the proposed MLP model implicitly 
captures physical loss principles (e.g., THD-SLL correlation) 
due to its extensive training. Future work will leverage 
explainable AI to enhance interpretability. 

VII. CONCLUSION 

This paper introduces, for the first time, a new MLP-based 
model for non-invasive estimation of SLL in IMs. The model 
was developed through an in-depth analysis of SLL data 
obtained from simulations of 425 IMs in MATLAB software. 
By leveraging this extensive dataset and applying the MLP 
algorithm, a highly accurate model for SLL estimation in IMs 
has been established. The proposed model is non-invasive, as 
it relies solely on readily available inputs: nameplate 
information, input power, and the THD of the IM. 
Additionally, the suggested model, compared to existing 
empirical relations, is computationally efficient and 
appropriate for real-time applications. 

To comprehensively evaluate the accuracy of the proposed 
SLL estimation model, its performance was assessed using 
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both simulated IMs and an experimental setup. For simulated 
IMs under diverse operating conditions, conventional 
empirical relations, including those from IEEE 112 and 
NEMA MG1 standards as well as (6), showed poor accuracy. 
Specifically, at least 71% of IMs had an average estimation 
error greater than 30%, rendering them unsuitable. Using the 
IEC 60034-2-1 standard, 37.9% of IMs exhibited errors 
exceeding 30%, and only 19.7% achieved errors below 10%. 
Experimental validation further confirmed these limitations, 
with empirical relations producing an average SLL estimation 
error of 33.24% across all scenarios for the test IMs. These 
findings clearly demonstrate that existing empirical relations 
cannot provide acceptable accuracy for SLL estimation. In 
contrast, the proposed MLP-based model demonstrated 
significantly improved performance. For simulated IMs, at 
least 50.3% achieved average errors under 10%, while only 
14.5% exceeded 30%. For the experimental IMs, the model 
achieved a remarkably low average error of 3.4% across all 
test scenarios. 

Sensitivity analysis revealed that the proposed model’s 
performance metrics (RMSE, MAE, and MAPE) increased 
predictably as the uncertainty in the reference data grew, 
indicating a robust and well-behaved response to varying 
levels of input confidence. Moreover, a rigorous quantitative 
sensitivity analysis revealed that the model’s partial derivative 
∂SLL/∂THD correlated with the physically derived sensitivity 
at an average of 0.902, confirming that the proposed MLP 
correctly captures the nonlinear causal coupling between 
harmonic distortion and load. These results establish the 
superior accuracy and reliability of the MLP model for SLL 
estimation in IMs, highlighting its effectiveness across diverse 
operating conditions and validating its practical applicability. 
Finally, future work will include experimental validation 
using a VFD to further enhance and comprehensively assess 
the proposed model’s performance under varied harmonic and 
frequency conditions, as well as extending the dataset to 
include IE4 motors. 

REFERENCES 
[1] M. Geravandi, and H. Moradi, “A Non-intrusive Technique for 

Estimating the Efficiency of Low Voltage Three-phase Induction 
Motors,” Measurement, vol. 238, pp. 115315, Oct. 2024. 

[2] C. A. C. Wengerkievicz, N. J. Batistela, and N. Sadowski et al., 
“Assessment of Parameter Estimation Methods for Nonintrusive Loss 
Estimation of Induction Motors,” IET Electr. Power Appl., vol. 19, no. 
1, pp. e70073, Jan. 2025. 

[3] M. Geravandi, and H. M. CheshmehBeigi, “Stray Load Losses 
Determination Methods of Induction Motors-a Review,” in Proc. of 
2022 30th International Conf. on Electrical Engineering (ICEE), 
Tehran, Iran, Islamic Republic of, May 2022, pp. 1033–1038. 

[4] B. D. S. G. Vidanalage, A. Lombardi, and J. Tjong et al., “Improved 
Winding Function based Model for Analytical Estimation of Stray Load 
Loss in Traction Induction Machines,” IEEE J. of Emerg. and Sel. 
Topics in Ind. Electron., vol. 5, no. 2, pp. 617–627, Apr. 2024. 

[5] R. Kumar, B. Sah, and P. Kumar, “Stray Loss Formulation for Inverter-
driven Induction Motors for a Wide Range of Switching Frequency and 
Motor’s Loading,” IEEE Trans. on Ind. Electron., vol. 71, no. 3, pp. 
2385–2394, Mar. 2024. 

[6] S. Vaschetto, A. Cavagnino, and E. B. Agamloh et al., “Enhanced 
Stray-load Loss Measurements Through a Zigzag Variable Load Test 

Approach,” IEEE Trans. on Ind. Appl., vol. 57, no. 1, pp. 226–235, 
Jan.-Feb. 2021. 

[7] Z. Wang, G. Wang, and C. Y. Dong et al., “Experimental Separation 
Method for Motor Loss Components,” in Proc. of 2025 5th 
International Conf. on Mechanical, Electronics and Electrical and 
Automation Control (METMS), Chongqing, China, May 2025, pp. 509–
512. 

[8] X. Y. Xiao, W. Xu, and Y. R. Tang et al., “Improved Loss 
Minimization Control based on Time-harmonic Equivalent Circuit for 
Linear Induction Motors Adopted to Linear Metro,” IEEE Trans. on 
Veh. Technol., vol. 72, no. 7, pp. 8601–8612, Jul. 2023. 

[9] M. Geravandi, H. Moradi, and M. S. Toulabi, “Iron Loss Determination 
Methods in Induction Motors: a Review and the IEEE 112 Standard 
Method Verification,” in Proc. of 2025 IEEE 34th International 
Symposium on Industrial Electronics (ISIE), Toronto, ON, Canada, Jun. 
2025, pp. 1–6. 

[10] M. R. Khazaeli, A. Rashidi, and S. M. Saghaian Nejad et al., “Thermal 
Analysis and Improved Thermal Modelling of a 200 kW Traction 
Induction Motor in Urban Electric Train Application,” IET Electr. 
Power Appl., vol. 19, no. 1, pp. e70049, Jan. 2025. 

[11] R. Suchita, J. P. Yalawar, and A. Vadde et al., “Modified Form based 
Efficiency Estimation of Three Phase Squirrel Cage Induction Motor,” 
in Proc. of 2024 IEEE 4th International Conf. on Sustainable Energy 
and Future Electric Transportation (SEFET), Hyderabad, India, Aug. 
2024, pp. 1–6. 

[12] J. X. Wang, and M. Cheng, “No-load Additional High-order Space 
Harmonic Losses of Squirrel Cage Induction Motor based on General 
Airgap Field Modulation Theory,” in Proc. of 2021 IEEE 12th Energy 
Convers. Congr. & Expo. - Asia (ECCE-Asia), Singapore, Singapore, 
May 2021, pp. 875–880. 

[13] M. Al-Badri, and P. Pillay, “Modified Efficiency Estimation Tool for 
Three-phase Induction Motors,” IEEE Trans. on Energy Convers., vol. 
38, no. 2, pp. 771–779, Jun. 2023. 

[14] J. X. Wang, M. Cheng, and H. H. Wen et al., “Stray Load Loss 
Calculation for Induction Motor by Combination of General Airgap 
Field Modulation Theory and 2D FEA,” IEEE Trans. on Energy 
Convers., vol. 36, no. 3, pp. 2524–2533, Sept. 2021. 

[15] B. A. Nasir, “Stray Loss Estimation in Induction Motor,” Int. J. of 
Electr. Eng. and Technol., vol. 12, no. 11, pp. 19–25, Nov. 2021. 

[16] D. Tekgun, “Modified Induction Machine Equivalent Circuit Including 
Solid Shaft Eddy Currents,” Machines, vol. 11, no. 12, pp. 1090, Dec. 
2023. 

[17] S. Yamamoto, H. Hirahara, and B. A. S. Gunasekara et al., “Stator-flux-
linkage-calculation-based Torque Estimation of Induction Motors 
Considering Iron, Mechanical, and Stray Load Losses,” IEEE Trans. on 
Ind. Appl., vol. 57, no. 6, pp. 5916–5926, Nov.-Dec. 2021. 

[18] M. Torrent, and B. Blanqué, “Influence of Equivalent Circuit 
Resistances on Operating Parameters on Three-phase Induction Motors 
with Powers up to 50 kW,” Energies, vol. 14, no. 21, pp. 7130, Nov. 
2021. 

[19] M. Al-Badri, “Stray-load Loss Approximation for Partial Loads,” in 
Proc. of 2023 IEEE International Electric Machines & Drives Conf. 
(IEMDC), San Francisco, CA, USA, May 2023, pp. 1–6. 

[20] P. Pillay, M. Al-Badri, and P. Angers et al., “A New Stray-load Loss 
Formula for Small and Medium-sized Induction Motors,” IEEE Trans. 
on Energy Convers., vol. 31, no. 3, pp. 1221–1227, Sept. 2016. 

[21] IEEE Standard Test Procedure for Polyphase Induction Motors and 
Generators, IEEE Standard 112-2017, 2017. 

[22] Rotating Electrical Machines—Part 2-1: Standard Methods for 
Determining Losses and Efficiency from Tests (Excluding Machines for 
Traction Vehicles), IEC 60034-2-1, 2007. 

[23] Japanese Electrotechnical Committee, JEC-37:1979—Induction 
Machines, Japanese Electrotechnical Committee, 1979. 

[24] NEMA Standards Publication MG 1-2009 Interfiled Motors and 
Generators, NEMA MG 1-2009, 2009. 

[25] J. Montano, O. D. Garzón, and D. A. Herrera-Jaramillo et al., 
“Estimating the Parameters of a Three-phase Induction Motor Using the 
Vortex Search Algorithm,” Iranian J. of Sci. and Technol., Transa. of 
Electr. Eng., vol. 48, no. 1, pp. 337–347, Mar. 2024. 

[26] F. Aksan, V. Suresh, and P. Janik, “PV Generation Prediction Using 



316 CES TRANSACTIONS ON ELECTRICAL MACHINES AND SYSTEMS, VOL.10, NO. 3, SEPTEMBER 2026 

Multilayer Perceptron and Data Clustering for Energy Management 
Support,” Energies, vol. 18, no. 6, pp. 1378, Mar. 2025. 

 
Moslem Garavandi was born in 
Kermanshah, Iran, in 1983. He received 
the B.S. degree in electrical engineering 
from the Faculty of Engineering, Birjand 
University, Birjand, Iran, in 2008, the 
M.S. degree in electrical engineering 
from Islamic Azad University, 
Kermanshah Branch, Kermanshah, Iran, 

in 2018, and the Ph.D. degree in electrical engineering from 
Razi University, Kermanshah, Iran, in 2025. 

Since 2022, he has been a lecturer with the Department of 
Electrical Engineering at Razi University. He has published 
16 papers in conferences and journals. His current research 
interests include efficiency estimation of induction motors, 
electrical machine design, power system operation, power 
system reliability, power electronic converters/inverters, and 
microgrids. 
 

Hassan Moradi was born in 
Kermanshah, Iran, in 1979. He received 
the M.S. degree in electrical engineering 
from the Faculty of Engineering, Shahid 
Beheshti University, Tehran, Iran, in 
2007, and the Ph.D. degree in electrical 
engineering from Shahid Beheshti 
University, Tehran, Iran, in 2011. 

Since 2011, he has been an associate professor with the 
Department of Electrical Engineering at Razi University, 
Kermanshah, Iran. His current research interests include novel 
electric machines, electric machine drives, and power 
electronic converters/inverters. 
 

Sepideh Asadimanesh was born in 
Kermanshah, Iran. She received the B.S. 
degree in electrical engineering from the 
Faculty of Engineering, Razi University, 
Kermanshah, Iran, in 2019, and the M.S. 
degree in electrical engineering from the 
same university in 2022. She has been 
working toward the Ph.D. degree in 

electrical engineering at Razi University, Kermanshah, Iran, 
since 2023. 

Her current research interests include the modeling of 
induction motors. 

 

Mohammad Sedigh Toulabi (S’13-
M’16-SM’19) was born in Khorramabad, 
Iran, in 1985. He received the Ph.D. 
degree in electrical engineering from the 
University of Alberta, Edmonton, AB, 
Canada, in 2016. 

He is currently a faculty member and 
the Director of the Power Electronics and 

Energy Conversion (PEEC) Lab at the Department of 
Electrical and Computer Engineering, Oakland University, 
Rochester, MI, USA. Prior to this, he was a faculty member at 
the University of Windsor, ON, Canada, from 2020 to 2024; 
an Electrified Powertrain Lead Engineer at Stellantis 
(formerly Fiat Chrysler Automobiles US LLC), Auburn Hills, 
MI, USA, from 2019 to 2020; and a senior research associate 
at the University of Manitoba, Winnipeg, MB, Canada, from 
2016 to 2019. His research interests include design, analysis, 
modeling, control, and testing of electric machines and power 
electronics for transportation electrification. 

He is the senior editor of the IEEE Transactions on Energy 
Conversion, the outstanding associate editor of the IEEE 
Transactions on Transportation Electrification, and an 
associate editor of the IEEE Power Engineering Letters. He is 
a registered professional engineer (P.Eng.) in the province of 
Ontario, Canada. 

 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /00

    /ACaslonPro-Bold

    /ACaslonPro-BoldItalic

    /ACaslonPro-Italic

    /ACaslonPro-Regular

    /ACaslonPro-Semibold

    /ACaslonPro-SemiboldItalic

    /AdobeArabic-Bold

    /AdobeArabic-BoldItalic

    /AdobeArabic-Italic

    /AdobeArabic-Regular

    /AdobeFangsongStd-Regular

    /AdobeFanHeitiStd-Bold

    /AdobeGothicStd-Bold

    /AdobeHebrew-Bold

    /AdobeHebrew-BoldItalic

    /AdobeHebrew-Italic

    /AdobeHebrew-Regular

    /AdobeHeitiStd-Regular

    /AdobeKaitiStd-Regular

    /AdobeMingStd-Light

    /AdobeMyungjoStd-Medium

    /AdobeSongStd-Light

    /AGaramondPro-Bold

    /AGaramondPro-BoldItalic

    /AGaramondPro-Italic

    /AGaramondPro-Regular

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Algerian

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /Bahnschrift

    /BaskOldFace

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BirchStd

    /BlackadderITC-Regular

    /BlackoakStd

    /BodoniBT-Bold

    /BodoniBT-BoldItalic

    /BodoniBT-Book

    /BodoniBT-BookItalic

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BrushScriptMT

    /BrushScriptStd

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /Calibri-Light

    /Calibri-LightItalic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Candara-Light

    /Candara-LightItalic

    /Castellar

    /Centaur

    /Century

    /Century725BT-RomanCondensed

    /Century751BT-BoldB

    /Century751BT-BoldItalicB

    /Century751BT-ItalicB

    /Century751BT-No2ItalicB

    /Century751BT-RomanB

    /Century751BT-RomanNo2B

    /Century751BT-SemiBold

    /Century751BT-SemiBoldItalicB

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchlbkCyrillicBT-Bold

    /CenturySchlbkCyrillicBT-BoldIt

    /CenturySchlbkCyrillicBT-Italic

    /CenturySchlbkCyrillicBT-Roman

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /ChaparralPro-Bold

    /ChaparralPro-BoldIt

    /ChaparralPro-Italic

    /ChaparralPro-Regular

    /CharlemagneStd-Bold

    /Chiller-Regular

    /ClarendonBT-Black

    /ClarendonBT-Bold

    /ClarendonBT-Light

    /ClarendonBT-Roman

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /ComicSansMS-BoldItalic

    /ComicSansMS-Italic

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CooperBlackStd

    /CooperBlackStd-Italic

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CorbelLight

    /CorbelLight-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DengXian

    /DengXian-Bold

    /DengXian-Light

    /DeVinneBT-Text

    /DFGothic-EB-WIN-RKSJ-H

    /DFKaiSho-SB-WIN-RKSJ-H

    /DFMincho-SU-WIN-RKSJ-H

    /DFMincho-UB-WIN-RKSJ-H

    /DFMincho-W5-WIN-RKSJ-H

    /DFPOP1-W9-WIN-RKSJ-H

    /Dubai-Bold

    /Dubai-Light

    /Dubai-Medium

    /Dubai-Regular

    /E-B1

    /E-B1X

    /E-B2

    /E-B2X

    /E-B3

    /E-B3X

    /E-B4

    /E-B4X

    /E-B5

    /E-B5X

    /E-B6

    /E-B6X

    /E-B7

    /E-B7X

    /E-B8

    /E-B8X

    /E-BD

    /E-BKB

    /E-BKBX

    /E-BKH

    /E-BKHX

    /Ebrima

    /Ebrima-Bold

    /E-BX

    /E-BZ

    /EdwardianScriptITC

    /E-DY

    /E-F1

    /E-F1X

    /E-F2

    /E-F2X

    /E-F3

    /E-F4

    /E-F4X

    /E-F5

    /E-F5X

    /E-F6

    /E-F6X

    /E-F7

    /E-F7X

    /E-F8

    /E-F9

    /E-F9X

    /E-FX

    /E-FZ

    /E-H1

    /E-H1X

    /E-H2

    /E-H2X

    /E-H3

    /E-H3X

    /E-H4

    /E-H4X

    /E-H5

    /E-H5X

    /E-H6

    /E-H6X

    /E-H7

    /E-H7X

    /E-HD

    /E-HT

    /E-HT1

    /E-HT2

    /E-HX

    /E-HZ

    /E-KY

    /Elephant-Italic

    /Elephant-Regular

    /EmbassyBT-Regular

    /E-NBS

    /EngraversGothicBT-Regular

    /EngraversMT

    /E-OCR

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /E-SXT

    /E-TT

    /Euclid

    /Euclid-Bold

    /Euclid-BoldItalic

    /EuclidExtra

    /EuclidExtra-Bold

    /EuclidFraktur

    /EuclidFraktur-Bold

    /Euclid-Italic

    /EuclidMathOne

    /EuclidMathOne-Bold

    /EuclidMathTwo

    /EuclidMathTwo-Bold

    /EuclidSymbol

    /EuclidSymbol-Bold

    /EuclidSymbol-BoldItalic

    /EuclidSymbol-Italic

    /E-X1

    /E-X1X

    /E-XF1

    /E-XFX

    /E-XFZ

    /Exotic350BT-Bold

    /Exotic350BT-DemiBold

    /E-XT

    /E-XY

    /E-YB

    /E-YT1

    /E-YT2

    /FangSong

    /FelixTitlingMT

    /FencesPlain

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /Freehand521BT-RegularC

    /FreestyleScript-Regular

    /FrenchScriptMT

    /FuturaBT-Bold

    /FuturaBT-BoldItalic

    /FuturaBT-Book

    /FuturaBT-BookItalic

    /FuturaBT-Medium

    /FuturaBT-MediumItalic

    /FZBSK--GBK1-0

    /FZCCHK--GBK1-0

    /FZCQK--GBK1-0

    /FZCSK--GBK1-0

    /FZCYK--GBK1-0

    /FZDBSK--GBK1-0

    /FZDHTK--GBK1-0

    /FZFSK--GBK1-0

    /FZHCK--GBK1-0

    /FZHLK--GBK1-0

    /FZHPK--GBK1-0

    /FZHTK--GBK1-0

    /FZKANGK--GBK1-0

    /FZKTK--GBK1-0

    /FZL2K--GBK1-0

    /FZLBK--GBK1-0

    /FZLSK--GBK1-0

    /FZMHK--GBK1-0

    /FZNBSK--GBK1-0

    /FZNSTK--GBK1-0

    /FZPHTK--GBK1-0

    /FZPWK--GBK1-0

    /FZS&T_S-BZ

    /FZS&T_S-BZ-Bold

    /FZS&T_S-BZ-BoldItalic

    /FZS&T_S-BZ-Italic

    /FZS_Extra

    /FZS3K--GBK1-0

    /FZSEK--GBK1-0

    /FZSHK--GBK1-0

    /FZSJSK--GBK1-0

    /FZSSK--GBK1-0

    /FZSTK--GBK1-0

    /FZSTS_MPS-Bold

    /FZSTS_MPS-BoldItalic

    /FZSTS_MPS-Italic

    /FZSTS_MPS-Regular

    /FZSYK--GBK1-0

    /FZSZK--GBK1-0

    /FZWBK--GBK1-0

    /FZXBSK--GBK1-0

    /FZXDXK--GBK1-0

    /FZXH1K--GBK1-0

    /FZXKK--GBK1-0

    /FZXQK--GBK1-0

    /FZXSHK--GBK1-0

    /FZY1K--GBK1-0

    /FZY3K--GBK1-0

    /FZY4K--GBK1-0

    /FZYTK--GBK1-0

    /FZYXK--GBK1-0

    /FZZDXK--GBK1-0

    /FZZHYK--GBK1-0

    /FZZQK--GBK1-0

    /FZZYK--GBK1-0

    /Gabriola

    /Gadugi

    /Gadugi-Bold

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /GBK_S

    /Geometric212BT-BookCondensed

    /Geometric212BT-HeavyCondensed

    /Geometric415BT-BlackA

    /Geometric706BT-BlackCondensedB

    /GeometricSlab703BT-Bold

    /GeometricSlab703BT-BoldCond

    /GeometricSlab703BT-BoldItalic

    /GeometricSlab703BT-Medium

    /GeometricSlab703BT-MediumCond

    /GeometricSlab703BT-MediumItalic

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /GiddyupStd

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoboStd

    /HoloLensMDL2Assets

    /Humanist521BT-Bold

    /Humanist521BT-BoldItalic

    /Humanist521BT-Italic

    /Humanist521BT-Light

    /Humanist521BT-LightItalic

    /Humanist521BT-Roman

    /Humanist777BT-BlackCondensedB

    /Humanist777BT-BlackItalicB

    /Humanist777BT-BoldCondensedB

    /Humanist777BT-LightB

    /Humanist777BT-RomanB

    /Humanist777BT-RomanCondensedB

    /IDaideCircleSS

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /InkFree

    /JavaneseText

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaiTi

    /KaufmannBT-Regular

    /KozGoPr6N-Bold

    /KozGoPr6N-ExtraLight

    /KozGoPr6N-Heavy

    /KozGoPr6N-Light

    /KozGoPr6N-Medium

    /KozGoPr6N-Regular

    /KozGoPro-Bold

    /KozGoPro-ExtraLight

    /KozGoPro-Heavy

    /KozGoPro-Light

    /KozGoPro-Medium

    /KozGoPro-Regular

    /KozMinPr6N-Bold

    /KozMinPr6N-ExtraLight

    /KozMinPr6N-Heavy

    /KozMinPr6N-Light

    /KozMinPr6N-Medium

    /KozMinPr6N-Regular

    /KozMinPro-Bold

    /KozMinPro-ExtraLight

    /KozMinPro-Heavy

    /KozMinPro-Light

    /KozMinPro-Medium

    /KozMinPro-Regular

    /KristenITC-Regular

    /KunstlerScript

    /LatinWide

    /Leelawadee

    /LeelawadeeBold

    /Leelawadee-Bold

    /LeelawadeeUI

    /LeelawadeeUI-Bold

    /LeelawadeeUI-Semilight

    /LetterGothicStd

    /LetterGothicStd-Bold

    /LetterGothicStd-BoldSlanted

    /LetterGothicStd-Slanted

    /LiSu

    /LithosPro-Black

    /LithosPro-Regular

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothic-Semilight

    /Marlett

    /MaturaMTScriptCapitals

    /Meiryo

    /Meiryo-Bold

    /Meiryo-BoldItalic

    /Meiryo-Italic

    /MeiryoUI

    /MeiryoUI-Bold

    /MeiryoUI-BoldItalic

    /MeiryoUI-Italic

    /MesquiteStd

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiLight

    /MicrosoftJhengHeiRegular

    /MicrosoftJhengHeiUIBold

    /MicrosoftJhengHeiUILight

    /MicrosoftJhengHeiUIRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftUighur

    /MicrosoftUighur-Bold

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /MicrosoftYaHeiLight

    /MicrosoftYaHeiUI

    /MicrosoftYaHeiUI-Bold

    /MicrosoftYaHeiUILight

    /Microsoft-Yi-Baiti

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /MinionPro-Bold

    /MinionPro-BoldCn

    /MinionPro-BoldCnIt

    /MinionPro-BoldIt

    /MinionPro-It

    /MinionPro-Medium

    /MinionPro-MediumIt

    /MinionPro-Regular

    /MinionPro-Semibold

    /MinionPro-SemiboldIt

    /Mistral

    /MMaArrow-Bold

    /MMaArrow-BoldItalic

    /MMaArrow-Italic

    /MMaArrow-Regular

    /MMaBinary-Bold

    /MMaBinary-BoldItalic

    /MMaBinary-Italic

    /MMaBinary-Regular

    /MMaCentury-Bold

    /MMaCentury-BoldItalic

    /MMaCentury-Italic

    /MMaCenturyK-Bold

    /MMaCenturyK-BoldItalic

    /MMaCenturyK-Italic

    /MMaCenturyK-Regular

    /MMaCentury-Regular

    /MMaEtc-Bold

    /MMaEtc-BoldItalic

    /MMaEtc-Italic

    /MMaEtc-Regular

    /MMaExtra-Bold

    /MMaExtra-BoldItalic

    /MMaExtra-Italic

    /MMaExtra-Regular

    /MMaFermat-Bold

    /MMaFermat-Regular

    /MMaFraktur-Bold

    /MMaFraktur-Regular

    /MMaGauss-Bold

    /MMaGauss-Regular

    /MMaGreek-Bold

    /MMaGreek-BoldItalic

    /MMaGreek-Italic

    /MMaGreek-Regular

    /MMaNegate-Bold

    /MMaNegate-BoldItalic

    /MMaNegate-Italic

    /MMaNegate-Regular

    /MMaPascal-Bold

    /MMaPascal-Regular

    /MMaRelation-Bold

    /MMaRelation-BoldItalic

    /MMaRelation-Italic

    /MMaRelation-Regular

    /MMArrow

    /MMArrowBold

    /MMArrowBoldItalic

    /MMArrowItalic

    /MMaTextBook-Bold

    /MMaTextBook-BoldItalic

    /MMaTextBook-Italic

    /MMaTextBook-Regular

    /MMaVariable2-Bold

    /MMaVariable2-Regular

    /MMaVariable2S-Regular

    /MMaVariable2SS-Regular

    /MMaVariableA-Bold

    /MMaVariableA-Regular

    /MMaVariableB-Bold

    /MMaVariable-Bold

    /MMaVariableB-Regular

    /MMaVariableC-Bold

    /MMaVariableC-Regular

    /MMaVariableD-Bold

    /MMaVariableD-Regular

    /MMaVariableF-Bold

    /MMaVariableF-Regular

    /MMaVariable-Regular

    /MMBinary

    /MMBinaryBold

    /MMBinaryBoldItalic

    /MMBinaryItalic

    /MMCenturyNew-Bold

    /MMCenturyNew-BoldItalic

    /MMCenturyNew-Italic

    /MMCenturyNewRD-Bold

    /MMCenturyNewRD-BoldItalic

    /MMCenturyNewRD-Italic

    /MMCenturyNewRD-Regular

    /MMCenturyNew-Regular

    /MMCenturyOld

    /MMCenturyOldBold

    /MMCenturyOldBoldItalic

    /MMCenturyOldGreek

    /MMCenturyOldGreekBold

    /MMCenturyOldGreekBoldItalic

    /MMCenturyOldGreekItalic

    /MMCenturyOldItalic

    /MMEtc

    /MMEtcBold

    /MMEtcBoldItalic

    /MMEtcItalic

    /MMExtra

    /MMExtraBold

    /MMExtraBoldItalic

    /MMExtraItalic

    /MMGreek

    /MMGreekBold

    /MMGreekBoldItalic

    /MMGreekItalic

    /MMNegate

    /MMNegateBold

    /MMNegateBoldItalic

    /MMNegateItalic

    /MMRelation

    /MMRelationBold

    /MMRelationBoldItalic

    /MMRelationItalic

    /MMSchoolRD-Bold

    /MMSchoolRD-BoldItalic

    /MMSchoolRD-Italic

    /MMSchoolRD-Regular

    /MMTextBook

    /MMTextBookB

    /MMTextBookBBold

    /MMTextBookBBoldItalic

    /MMTextBookBItalic

    /MMTextBookBold

    /MMTextBookBoldItalic

    /MMTextBookItalic

    /MMTimesBold

    /MMTimesBoldItalic

    /MMTimesItalic

    /MMTimesRoman

    /MMVariable

    /MMVariable2

    /MMVariable2Bold

    /MMVariableA

    /MMVariableABold

    /MMVariableB

    /MMVariableBBold

    /MMVariableBold

    /MMVariableC

    /MMVariableCBold

    /MMVariableD

    /MMVariableDBold

    /MMVariableF

    /MMVariableFBold

    /Modern-Regular

    /MohammadAdvbold

    /MongolianBaiti

    /MonotypeCorsiva

    /MS-Gothic

    /MSOutlook

    /MS-PGothic

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MTExtraTiger

    /MVBoli

    /MyanmarText

    /MyanmarText-Bold

    /MyriadPro-Bold

    /MyriadPro-BoldCond

    /MyriadPro-BoldCondIt

    /MyriadPro-BoldIt

    /MyriadPro-Cond

    /MyriadPro-CondIt

    /MyriadPro-It

    /MyriadPro-Regular

    /MyriadPro-Semibold

    /MyriadPro-SemiboldIt

    /NEU-B1-Italic

    /NEU-B1-Regular

    /NEU-B1-S92-Italic

    /NEU-B1-S92-Regular

    /NEU-B2-Italic

    /NEU-B2-Regular

    /NEU-B2-S92-Italic

    /NEU-B2-S92-Regular

    /NEU-B3-Italic

    /NEU-B3-Regular

    /NEU-B3-S92-Italic

    /NEU-B3-S92-Regular

    /NEU-B4-Italic

    /NEU-B4-Regular

    /NEU-B4-S92-Italic

    /NEU-B4-S92-Regular

    /NEU-B5-Italic

    /NEU-B5-Regular

    /NEU-B5-S92-Italic

    /NEU-B5-S92-Regular

    /NEU-B6-Italic

    /NEU-B6-Regular

    /NEU-B6-S92-Italic

    /NEU-B6-S92-Regular

    /NEU-B7-Italic

    /NEU-B7-Regular

    /NEU-B7-S92-Italic

    /NEU-B7-S92-Regular

    /NEU-B8-Italic

    /NEU-B8-Regular

    /NEU-B8-S92-Italic

    /NEU-B8-S92-Regular

    /NEU-BD-Regular

    /NEU-BD-S92-Regular

    /NEU-BKB-Italic

    /NEU-BKB-Regular

    /NEU-BKB-S92-Italic

    /NEU-BKB-S92-Regular

    /NEU-BKH-Italic

    /NEU-BKH-Regular

    /NEU-BKH-S92-Italic

    /NEU-BKH-S92-Regular

    /NEU-BZ-Bold

    /NEU-BZ-BoldItalic

    /NEU-BZ-Italic

    /NEU-BZ-Regular

    /NEU-BZ-S92-Bold

    /NEU-BZ-S92-BoldItalic

    /NEU-BZ-S92-Italic

    /NEU-BZ-S92-Regular

    /NEU-DY-Regular

    /NEU-DY-S92-Regular

    /NEU-F1-Italic

    /NEU-F1-Regular

    /NEU-F1-S92-Italic

    /NEU-F1-S92-Regular

    /NEU-F2-Italic

    /NEU-F2-Regular

    /NEU-F2-S92-Italic

    /NEU-F2-S92-Regular

    /NEU-F3-Regular

    /NEU-F3-S92-Regular

    /NEU-F4-Italic

    /NEU-F4-Regular

    /NEU-F4-S92-Italic

    /NEU-F4-S92-Regular

    /NEU-F5-Italic

    /NEU-F5-Regular

    /NEU-F5-S92-Italic

    /NEU-F5-S92-Regular

    /NEU-F6-Italic

    /NEU-F6-Regular

    /NEU-F6-S92-Italic

    /NEU-F6-S92-Regular

    /NEU-F7-Italic

    /NEU-F7-Regular

    /NEU-F7-S92-Italic

    /NEU-F7-S92-Regular

    /NEU-F8-Regular

    /NEU-F8-S92-Regular

    /NEU-F9-Italic

    /NEU-F9-Regular

    /NEU-F9-S92-Italic

    /NEU-F9-S92-Regular

    /NEU-FZ-Italic

    /NEU-FZ-Regular

    /NEU-FZ-S92-Italic

    /NEU-FZ-S92-Regular

    /NEU-H1-Italic

    /NEU-H1-Regular

    /NEU-H1-S92-Italic

    /NEU-H1-S92-Regular

    /NEU-H2-Italic

    /NEU-H2-Regular

    /NEU-H2-S92-Italic

    /NEU-H2-S92-Regular

    /NEU-H3-Italic

    /NEU-H3-Regular

    /NEU-H3-S92-Italic

    /NEU-H3-S92-Regular

    /NEU-H4-Italic

    /NEU-H4-Regular

    /NEU-H4-S92-Italic

    /NEU-H4-S92-Regular

    /NEU-H5-Italic

    /NEU-H5-Regular

    /NEU-H5-S92-Italic

    /NEU-H5-S92-Regular

    /NEU-H6-Italic

    /NEU-H6-Regular

    /NEU-H6-S92-Italic

    /NEU-H6-S92-Regular

    /NEU-H7-Italic

    /NEU-H7-Regular

    /NEU-H7-S92-Italic

    /NEU-H7-S92-Regular

    /NEU-HD-Regular

    /NEU-HD-S92-Regular

    /NEU-HT1-Regular

    /NEU-HT1-S92-Regular

    /NEU-HT2-Regular

    /NEU-HT2-S92-Regular

    /NEU-HT-Regular

    /NEU-HT-S92-Regular

    /NEU-HZ-Italic

    /NEU-HZ-Regular

    /NEU-HZ-S92-Italic

    /NEU-HZ-S92-Regular

    /NEU-KY-Regular

    /NEU-KY-S92-Regular

    /NEU-NBS-Regular

    /NEU-NBS-S92-Regular

    /NEU-SXT-Regular

    /NEU-SXT-S92-Regular

    /NEU-TT-Regular

    /NEU-TT-S92-Regular

    /NEU-X1-Italic

    /NEU-X1-Regular

    /NEU-X1-S92-Italic

    /NEU-X1-S92-Regular

    /NEU-XF1-Regular

    /NEU-XF1-S92-Regular

    /NEU-XFZ-Italic

    /NEU-XFZ-Regular

    /NEU-XFZ-S92-Italic

    /NEU-XFZ-S92-Regular

    /NEU-XT-Regular

    /NEU-XT-S92-Regular

    /NEU-XY-Regular

    /NEU-XY-S92-Regular

    /NEU-YB-Regular

    /NEU-YB-S92-Regular

    /NEU-YT1-Regular

    /NEU-YT1-S92-Regular

    /NEU-YT2-Regular

    /NEU-YT2-S92-Regular

    /News701BT-BoldA

    /News701BT-ItalicA

    /News706BT-BoldC

    /NewsGothicBT-Bold

    /NewsGothicBT-BoldItalic

    /NewsGothicBT-Italic

    /NewsGothicBT-Light

    /NewsGothicBT-Roman

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NirmalaUI

    /NirmalaUI-Bold

    /NirmalaUI-Semilight

    /NotoSansSC-Thin

    /NSimSun

    /NuevaStd-BoldCond

    /NuevaStd-BoldCondItalic

    /NuevaStd-Cond

    /NuevaStd-CondItalic

    /OCRAbyBT-Regular

    /OCRAExtended

    /OCRAStd

    /OCRB10PitchBT-Regular

    /OldEnglishTextMT

    /Onyx

    /OratorStd

    /OratorStd-Slanted

    /Origin

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /Playbill

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /PoplarStd

    /PrestigeEliteStd-Bd

    /Pristina-Regular

    /RageItalic

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /RosewoodStd-Regular

    /SchadowBT-Bold

    /SchadowBT-Roman

    /ScriptMTBold

    /SegoeMDL2Assets

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUIBlack

    /SegoeUIBlack-Italic

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUIEmoji

    /SegoeUIHistoric

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-LightItalic

    /SegoeUI-Semibold

    /SegoeUI-SemiboldItalic

    /SegoeUI-Semilight

    /SegoeUI-SemilightItalic

    /SegoeUISymbol

    /ShowcardGothic-Reg

    /SimHei

    /SimSun

    /SimSun-ExtB

    /SimSun-ExtG

    /SitkaBanner

    /SitkaBanner-Bold

    /SitkaBanner-BoldItalic

    /SitkaBanner-Italic

    /SitkaDisplay

    /SitkaDisplay-Bold

    /SitkaDisplay-BoldItalic

    /SitkaDisplay-Italic

    /SitkaHeading

    /SitkaHeading-Bold

    /SitkaHeading-BoldItalic

    /SitkaHeading-Italic

    /SitkaSmall

    /SitkaSmall-Bold

    /SitkaSmall-BoldItalic

    /SitkaSmall-Italic

    /SitkaSubheading

    /SitkaSubheading-Bold

    /SitkaSubheading-BoldItalic

    /SitkaSubheading-Italic

    /SitkaText

    /SitkaText-Bold

    /SitkaText-BoldItalic

    /SitkaText-Italic

    /SnapITC-Regular

    /Square721BT-Bold

    /Square721BT-BoldCondensed

    /Square721BT-Roman

    /Square721BT-RomanCondensed

    /STCaiyun

    /Stencil

    /StencilStd

    /STFangsong

    /STHupo

    /STKaiti

    /STLiti

    /STSong

    /STXihei

    /STXingkai

    /STXinwei

    /STZhongsong

    /Swiss721BT-Black

    /Swiss721BT-BlackCondensed

    /Swiss721BT-Bold

    /Swiss721BT-BoldCondensed

    /Swiss721BT-BoldCondensedItalic

    /Swiss721BT-BoldItalic

    /Swiss721BT-Heavy

    /Swiss721BT-Italic

    /Swiss721BT-ItalicCondensed

    /Swiss721BT-Light

    /Swiss721BT-LightExtended

    /Swiss721BT-LightItalic

    /Swiss721BT-Roman

    /Swiss721BT-RomanCondensed

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TektonPro-Bold

    /TektonPro-BoldCond

    /TektonPro-BoldExt

    /TektonPro-BoldObl

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /TrajanPro-Bold

    /TrajanPro-Regular

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /TypoUprightBT-Regular

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /YouYuan

    /YuGothic-Bold

    /YuGothic-Light

    /YuGothic-Medium

    /YuGothic-Regular

    /YuGothicUI-Bold

    /YuGothicUI-Light

    /YuGothicUI-Regular

    /YuGothicUI-Semibold

    /YuGothicUI-Semilight

    /ZWAdobeF

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 2400

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 2400

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages false

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [4000 4000]

  /PageSize [612.000 792.000]

>> setpagedevice



