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Abstract: The accuracy of measurement instruments, as well as that of their components, gradually
declines as time goes on. Due to different loss mechanisms and the allowable accuracy loss values,
the accuracy lifetimes of a whole system and its components are generally nonuniform, which lead to
the waste of resources and costs. In this paper, a novel design method based on the uniform accuracy
lifetime principle is presented to avoid the waste of resources. After giving and determining the
uniformity and accuracy loss weights, optimal design models are established, and the sequential
quadratic programming (SQP) method is employed to solve the models. A design example is
presented to verify the effectiveness of the design model and the solution method. Using this method,
the minimum accuracy lifetime of the whole system extends from 73.07 weeks to 200 weeks, and the
uniformity improves from 0.75 to 0.96. The proposed method can be used in practice to achieve the target
of uniform accuracy lifetimes for measurement systems because it is easy for manufacturers to obtain the
average loss velocities of different components. The implementation of the optimization method will
greatly help to save resources and improve the utilization efficiency of instruments or equipment.

Keywords: accuracy loss; the uniform accuracy lifetime principle; uniformity of accuracy lifetimes;
optimal design model

1. Introduction

Measurement accuracy is one of the most important indexes of a measurement system.
However, it has been discovered in practice that measurement accuracy is not always
constant and that it gradually declines as time goes on [1]. This phenomenon is called
“accuracy loss”. In general, a measurement system often has some components. The
accuracy loss of the whole system is a comprehensive result of that of each component. Due
to difference principles, structures and parameters, the accuracy loss laws of components
are generally different. Once the accuracy loss value exceeds the allowable value, the
component is considered as “failure in accuracy”. There are two situations that can occur
in a measurement system: one is that the whole system does not fail in accuracy but some
components do, and the other is that the system fails in accuracy but some components do
not. Whether the system or its components fail in accuracy, the whole system would be
unable to perform normal measurement functions. The emergence of either of these two
situations leads to the waste of effective equipment resources and costs. If designers pay
attention to the accuracy loss laws of the designed system and its components, and make
the accuracy loss values reach their allowable values at the same time, the system can be
optimally designed to save resources and costs as much as possible.

Much work has been carried out on the accuracy loss laws of some typical sys-
tems with mechanical structures, such as screw balls, linear guides, mechanical wear
and sensors [2–12]. J.L. Liu et al. considered the combined effect of intermittent contact
between balls and screw grooves, as well as the multiscale contact effect of surface microto-
pography, and a modified Archard wear model was proposed to investigate the precision

Appl. Sci. 2022, 12, 3961. https://doi.org/10.3390/app12083961 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app12083961
https://doi.org/10.3390/app12083961
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-5981-6993
https://orcid.org/0000-0002-3743-6567
https://doi.org/10.3390/app12083961
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12083961?type=check_update&version=1


Appl. Sci. 2022, 12, 3961 2 of 10

loss [2]. In the stable wear stage, the error between the measured data and the predicted
precision loss value was less than 11.94%. J.J. Zhao et al. conducted a study on the contact
wear of a double-nut ball screw, and a precision loss model was established based on
raceway fractal characteristics and a full ball load distribution theory [3]. B.B. Qi and Q.
Cheng et al. studied the precision loss law of ball screws under the sliding/rolling mixed
motion mode [4,5]. The precision loss rate was the maximum when the screw rotation
speed was 40 r/min and the axial load was 4000 N. K.C. Fan et al. proposed a mathematical
model to calculate the geometric errors of sliding due to contact deformation and then
predicted the positioning errors after long-term operation [6]. To describe the precision loss
law of linear ball guides under load conditions, Y. Zhong et al. proposed a wear loss model
based on the Hertz contact theory and Archard wear theory [8]. M.L. Jiang et al. studied the
accuracy loss laws of main units in a pressure sensing system, and a precision loss model
was built based on a neural network (NN) [9]. Moreover, M.L. Jiang et al. also employed a
support vector machine (SVM), an artificial neural network (ANN) and wavelet analysis
(WA) to model and forecast the measurement accuracy loss laws [11,12]. Based on the
awareness that the performance of measurement systems will continuously degrade with
time, some scholars are committed to developing lifetime prediction methods of mechanical
structures [13–17]. X.C. Zhang et al. proposed a screw lifetime prediction method based on
a wavelet neural network (WNN) and empirical mode decomposition (EMD) [13]. To pre-
dict the performance degradation trend of rolling bears, Z.C. Xu et al. proposed a lifetime
prediction method based on an improved regression support vector machine (SVR) [14].
The prediction results of the proposed method are better than those of common methods.
Y.Y. Cheng et al. aimed to establish the pre-relationship and post-relationship of time series
in NN and a way to update weights, and a prediction method of a rotating machine’s
residual useful lifetime was proposed based on a quantum gene chain coding bidirectional
neural network [17]. For some key components of mechanical equipment, the accuracy loss
can be forecasted and the lifetime can be predicted using the above methods. However, the
above studies mainly focus on the accuracy loss and lifetime prediction of a single structure
or part. Most measurement systems consist of several components. Moreover, the accuracy
loss laws and the accuracy lifetimes of a system and its components are often different,
which lead to the inefficient use of instruments and to the wasting of effective resources
and costs. Therefore, further investigation is still required to equalize the accuracy loss law
of each component and to achieve uniformity of systems’ accuracy lifetimes.

Equalization designs have attracted great attention in the fields of electronics and
networks [18–21]. In addition to the equalization designs of the circuit, voltage and en-
ergy at any given moment, there are some equalization strategies for the whole group’s
lifetime [22–25]. Due to inconsistency among the battery cells of electric vehicles, Z.Y. Dai et al.
proposed a hybrid optimal control scheme, in which the voltage balancing mode was en-
abled after completing capacity equalization [22]. To achieve a better battery pack cycle
life, Y.X. Wang et al. proposed a lifetime equalization strategy aiming to optimize the worst
cell’s working range [24]. However, for mechanical structures or systems, few studies
consider the accuracy loss relationship between the whole system and its components. To
solve this problem, Y.T. Fei et al. proposed a novel uniform design theory based on the
“white” error model of the total system [26]. Based on this theory, M.L. Jiang et al. obtained
the weight functions of the accuracy loss of each main structural component using the grey
correlation analysis method [27]. The main cause of the accuracy loss of the whole system
was found. F.F. Liu et al. established a uniform loss theoretical model to direct the uniform
loss design according to a principle of equality life design [28]. Nevertheless, identifying
how to establish a universal design model based on the uniform accuracy life principle is
still an unsolved problem. A novel optimal design model for measurement systems based
on the uniform accuracy life principle is established and solved in this paper. The optimal
models and the solution method can be used to provide some practical guidance to the
uniform design of an actual measurement system and save resources and costs. This paper
is organized as follows: Section 2 outlines the principle of uniform accuracy lifetime design,
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and the optimal design is described in detail in Section 3. In Section 4, a design example is
given to verify the effectiveness of the optimal design method, and conclusions are drawn
in Section 5.

2. The Principle of Uniform Accuracy Lifetime Design
2.1. The Principle

Suppose the number of components in a measurement system is n, δs(t) is the accuracy
loss function of the whole system at time t and δi(t) is that of the i-th component. If their
accuracy loss allowable values are known as δ∆s, δ∆1, δ∆2, . . . , δ∆n, the accuracy lifetime of
the system Ts and that of each component Ti can be calculated using the following equations:

δs(t)|t=Ts = δ∆s , δi(t)
∣∣t=Ti = δ∆i (i = 1, 2, · · · , n). (1)

Hence,
Ts = Gs

−1[δs(t)]
∣∣∣δ(TS)=δ∆S

, Ti = Gi
−1[δi(t)]

∣∣∣δi(Ti)=δ∆i
, (2)

where G−1 represents the inverse function of the corresponding loss function. If the
accuracy lifetimes of each component and the whole system are equal to each other, that is,
T1 = T2 = . . . = Tn = Ts, the system is absolutely uniform in its accuracy lifetime and does
not waste resources. Otherwise, if T1 6= T2 6= . . . 6= Tn 6= Ts, the accuracy loss functions
δs(t), δ1(t), δ2(t), . . . , δn(t) should be rationally designed and modified to achieve a uniform
accuracy lifetime.

2.2. Definition of Uniformity of the Accuracy Lifetimes

According to the uniform accuracy lifetime principle, accuracy lifetimes should be
absolutely equal to each other. However, this is impossible for an actual measurement
system due to some uncontrollable influencing factors. A certain variation in lifetimes
should be allowed in a specific design process. In order to establish a practical uniform
design model, the uniformity ρ, which characterizes the variation in lifetimes, should be
given. Referring to the definition of the uniformity of illuminance [29], the uniformity ρ of
the measurement system can be defined as follows:

ρ =
min{T1, T2, · · · , Tn, Ts}

T
, T =

n
∑

i=1
Ti + Ts

n + 1
. (3)

Obviously, when the minimum lifetime min {T1, T2, . . . , Tn, Ts} of the whole system
is equal to the mean lifetime T, then ρ = 1, and the whole system is absolutely uniform;
when min {T1, T2, . . . , Tn, Ts} is equal to 0 and far from T, then ρ = 0, and the uniformity of
the system is the worst. The smaller ρ, the worse the accuracy lifetime uniformity, and the
system should be improved. On the contrary, the bigger ρ, the better the accuracy lifetime
uniformity. If ρ is bigger than the expected value, the measurement system can be regarded
as basically uniform.

For an actual measurement system, the lifetimes of the system and its components are
generally different from each other. After obtaining each lifetime, the uniformity of the
whole system ρ can be calculated. If ρ is smaller than the required uniformity index ε of the
measurement system, the accuracy loss laws of some components should be redesigned.
Here, ε can be determined according to the service life, the cost of budget for the system etc.

2.3. Definition and Determination of the Accuracy Loss Weight

To achieve the optimal design of the accuracy lifetimes of a measurement system, the
accuracy loss functions of components should be rationally changed. However, there are
two problems that should first be solved: (1) What are the main components that affect the
accuracy loss of the system? (2) When the accuracy loss of the main components changes,
what are the impacts on the whole system?
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To solve the above two problems, the accuracy loss weight is proposed. In our opinion,
the accuracy loss weight should express the influence coefficient of each component’s
accuracy loss characteristic on that of the whole system. The greater the accuracy loss
weight, the greater the effect of the corresponding component on the whole system. This
component should be considered in advance to improve its accuracy loss law. When the
accuracy loss weight is small enough, the accuracy loss of the corresponding component
can be ignored, and the design model can be simplified. In order to determine the main
parameters to be designed and to establish the optimization model, the accuracy loss weight
of each component should be calculated.

For a measurement system with n components, the accuracy loss δs(t) of the whole
system can be expressed as follows:

δs(t) = p1δ1(t) + p2δ2(t) + · · ·+ pnδn(t), (4)

where pi is the accuracy loss weight of the i-th component. Suppose that the accuracy
loss data at different times ti (i = 1, 2, . . . , m) are obtained through dynamic accuracy loss
experiments: {δs(t), δ1(t), δ2(t), . . . , δn(t)}. According to the definition of the accuracy loss
weight, the multiple linear regression method can be adopted to estimate the accuracy loss
weight pi.

Defining

Y =


δs(t1)
δs(t2)

...
δs(tm)

, X =


δ1(t1) δ2(t1) · · · δn(t1)
δ1(t2) δ2(t2) · · · δn(t2)

...
... · · ·

...
δ1(tm) δ2(tm) · · · δn(tm)

, P =


p1
p2
...

pn

,

the best estimated value of the accuracy loss weight pi in matrix form can be obtained in
terms of the least-squares principle:

P̂ =


p̂1
p̂2
...

p̂n

 = (XTX)
−1

XTY. (5)

In accordance with the principle of uniformity design of accuracy lifetimes, the re-
designed accuracy loss sequences {δs(t)′, δ1(t)′, δ2(t)′, . . . , δn(t)′} should satisfy Formula (6):

δ(t)′|t=T′s = p1(·)δ1(t)′ + p2(·)δ2(t)′ + · · ·+ pn(·)δn(t)′|t=T′s = δ∆s
δ1(t)′|t=T′1

= δ∆1
...

δn(t)′|t=T′n = δ∆n

. (6)

In addition, the updated uniformity ρ′ can be calculated in terms of Formula (3).
Meanwhile, ρ′ should meet the inequation ρ′ ≥ ε. After optimization, the uniformity design
of accuracy lifetimes can be realized in the system.

3. Optimization Modeling for the Uniformity Design of Accuracy Lifetimes

To establish the optimization model, the design variables and their constraints and
objective functions should be determined, and an appropriate algorithm to obtain the
optimal solutions should also be illustrated.

3.1. Determination of Design Variables

The objects to be designed are the accuracy loss laws of the system and its compo-
nents. However, these time-varying accuracy loss functions have too many variables to be
designed. It is unrealistic to use the accuracy loss functions as design variables.
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For general engineering designers, it is relatively easy to gain the average velocities
∆vei (i = 1, 2, . . . , n) of the accuracy loss of some components under their working conditions.
Therefore, the average velocity of the accuracy loss of each component is taken as a
design variable in the optimization model, and the measurement system can be improved
according to the designed values ∆v′ei.

3.2. Selection of Objective Functions

In the optimization model of uniform design, the target parameters can be the unifor-
mity ρ′ of lifetimes, accuracy lifetime T′, total improvement cost Cs etc. The target functions
are listed as follows:

(1) The uniformity of lifetimes is the maximum:

max ρ′. (7)

(2) The effective accuracy lifetime T′ of the measurement system is the maximum. As-
suming that the effective lifetime of the system equals the minimum lifetime of all,
the objective function is as follows:

max T′ = min
{

T′1, T′2, · · · , T′n, T′s
}

. (8)

(3) The total improvement cost Cs is the minimum. Suppose that the relationship be-
tween the improvement cost Ci and the designed value ∆v′ei of the i-th component is
Ci = fi(∆v′ei), the objective function can be derived:

min Cs =
n

∑
i=1

Ci =
n

∑
i=1

fi(∆v′ei). (9)

Sometimes, designers are concerned with more than one objective. For instance,
when the maximum uniformity with minimal improvement cost is required, the objective
function may be established as follows:

max ρ′ +
1

Cs
. (10)

This is suitable for other cases.

3.3. Modeling of Constraint Conditions

First, the constraint conditions of the designed values ∆v′ei should be determined. The
accuracy loss velocity of every component is closely related to factors such as the structures,
materials and working conditions. For some common or typical components, these factors
generally vary within a certain range. Therefore, the average loss velocity of each designed
variable ∆v′ei can be limited to a certain range:

∆vei1 ≤ ∆v′ei ≤ ∆vei2. (11)

Here, ∆vei1 and ∆vei2 are the lower bound and the upper bound, respectively, which are
determined by the allowable structures, materials and working conditions of every component.

Then, the relationships between the average loss velocity of each designed variable
∆v′ei, lifetime Ti

′ and the accuracy loss allowable value δ∆i should be investigated:

∆v′e1T′1 = δ∆1
∆v′e2T′2 = δ∆2

...
∆v′e2T′2 = δ∆n
∆v′esT′s = [p1∆v′e1 + p2∆v′e2 + · · ·+ pn∆v′en]T′s = δ∆s

. (12)
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Here, δ∆i should be known. In addition, ρ′ should be bigger than the required unifor-
mity; that is,

ρ′ ≥ ε. (13)

There may be other constraint conditions. For example, the total improvement cost

should be less than C; that is, Cs =
n
∑

i=1
Ci ≤ C. Another example is that the accuracy lifetime

of a system should reach the designed lifetime T0; that is, T′ ≥ T0. In brief, the objective
functions and constraint conditions should be selected according to the specific conditions
of the measurement systems, design requirements and implementation difficulties.

3.4. Solution of the Optimization Model

The optimization design model, which is based on the principle of uniform accuracy
lifetime, is often nonlinear and has some constraint conditions. The method of sequential
quadratic programming (SQP) is one of the best algorithms to solve these kinds of prob-
lems [30]. SQP is adopted to solve this optimization model. First, in terms of the original
nonlinear optimization model, the Lagrange function is constructed as an approximate
solution. Then, the function is approximated to a quadratic function. Therefore, the original
optimization model can be simplified as a quadratic programming problem. Finally, the
optimal solution obtained by the quadratic programming problem is that of the original
optimization model.

However, the problem of the local optimal solution will appear due to the improper
selection of initial values when using the SQP method. To solve this problem, a method
combining uniform sampling technology with SQP is proposed in this paper. The solving
process can be carried out according to the following steps:

Step 1: employ uniform sampling technology to construct a large number of initial
values of the vector Xi (i = 1, 2, . . . , M), which is composed of the design variables uniformly
distributed in the constrained interval.

Step 2: use the SQP method to find the local optimal solution corresponding to the
initial value of the i-th group.

Step 3: search for the global optimal solution from a large number of local optimal
solutions and obtain the global optimal solution, as well as the corresponding optimal
design vector.

4. An Optimal Design
4.1. Design Procedure Based on the Principle of Uniform Accuracy Lifetimes

The optimal design based on the principle of uniform accuracy lifetimes can be
achieved by the following steps:

(1) Obtain the accuracy loss sequences of the measurement system and its components
through experiences or experiments, and determine their accuracy loss allowable values.

(2) Set up models for all accuracy loss sequences, obtain their mathematic functions, and
then calculate their original accuracy lifetimes {T1, T2, . . . , Tn, Ts} according to their
accuracy loss allowable values.

(3) Calculate the uniformity ρ of the lifetime of the whole system, and judge whether it
meets the requirement ρ ≥ ε. If ρ ≥ ε, the system does not need to be redesigned. If
not, the system should be optimally designed.

(4) Determine the accuracy loss weights of the components, and establish the optimal
design model with an objective function, such as the longest lifetime, the lowest cost
or the biggest uniformity (see Section 2).

(5) Employ the method of combining uniform sampling technology with SQP to solve
the optimization model, and then gain the optimal average accuracy loss velocities of
the system and its components (see Section 3).

(6) On the premise of mastering a large number of test data and accuracy loss laws of
typical structures, gradually change some factors such as the structures, parameters,
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materials and working conditions of the original system according to the above
designed results until the uniformity design target is achieved.

4.2. A Design Example

Suppose that a measurement system consists of two components, whose accuracies
are gradually declining. The accuracy loss values of the whole system and those of the
two components (tested once a week) are given over the course of one hundred weeks, as
shown in Figure 1.
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Figure 1. Accuracy loss data of a whole system and its components.

The accuracy loss weight for each component can be calculated using the multiple lin-
ear regression method; that is, p1 = 1.998 for component one, and p2 = 0.475 for component
two. Their accuracy loss functions δ1(t), δ2(t), and δs(t) (t > 0) can also be gained by using
the least-squares fitting method:

δ1(t) = 0.0031t2 + 0.043t + 0.3052
δ2(t) = 0.0011t2 + 0.0925t + 0.3232
δs(t) = 0.0066t2 + 0.0526t + 0.7633

.

Meanwhile, the allowable values of the accuracy loss of the system and its components
are supposed as δ1 = 20 µm, δ2 = 30 µm and δs = 60 µm, which should be determined
according to the different measurement accuracy requirements. Then, the values of the
accuracy lifetimes and the uniformity of the system can be calculated as follows:

T1 ≈ 73.07 weeks, T2 ≈ 127.50 weeks, Ts ≈ 90.84 weeks, ρ ≈ 0.75.

Assuming that the uniformity of the system is not big enough and cannot meet the
uniformity requirement, the system should be redesigned. Firstly, vector X consisting of
the design variables should be determined. Here, the average accuracy loss velocities of
component one and component two, ∆v1 and ∆v2, respectively, as well as the accuracy
lifetimes T1

′, T2
′ and Ts

′, are selected as the design variables. Therefore, the designed
vector is

X = (∆v1, ∆v2, T′1, T′2, T′s).

Secondly, the optimal design model, including an objective function and constraint
conditions, should be established. When the designer focuses on the uniformity of the
system, the biggest uniformity can be taken as an objective function:

max ρ′.
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For the objective functions, there are two aspects of constraints. One aspect is the
variation ranges of the average accuracy loss velocities of component one and component
two, ∆v1 and ∆v2, respectively. Here, the ranges of the average accuracy loss velocities
for component one and component two are both assumed to be between 0.1 µm per week
and 0.5 µm per week. In practical applications, the range of the average accuracy loss
velocities should be determined by the possible ranges of the loss velocities of different
components under the current technical levels and conditions. The other aspect is the
boundary constraints of the design parameters, which are determined by the relationships
between the accuracy reserves, average accuracy loss velocities and accuracy lifetimes. The
total constraint equation is as follows:

s.t.


∆v1T′1 = 20
∆v2T′2 = 30
(1.998∆v1 + 0.475∆v2)T′s = 60
0.1 ≤ ∆v1 ≤ 0.5
0.1 ≤ ∆v2 ≤ 0.5

.

Finally, the optimization model is solved by employing the optimization toolbox
in MATLAB. The initial values of 1000 groups uniformly distributed over the range of
constraints are generated using uniform sampling. Then, the SQP algorithm is adopted to
find the optimum solution in term of the corresponding initial value. Figure 2 shows the
optimal solutions of uniformity ρ′ for each group of initial values.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 9 of 11 
 

 
Figure 2. The optimal solutions of uniformity ρ′ for each group of initial values. 

As observed in Figure 2, the optimal solution of uniformity ρ′max is 

≈max 6’ 0.9ρ .  

There are a great number of optimal design variables corresponding to maximum 
uniformity. That is, many schemes can be proposed to achieve the goal of maximum 
uniformity. From the 1000 optimum design variables, it is observed that, as long as the 
accuracy loss velocities of component one and component two are equal, the optimal 
solution can be achieved. Suppose that the accuracy loss velocities of component one and 
component two are the same Δv , the following results can be obtained according to the 
constraint equations: 

{ }
= = =

+ +
+

1 2
max

20
min , ,

0.96
60 20 30[ ] / 3

(1.998 0

’ ’ ’

)

’

.475

sT T T Δvρ
T

Δv Δv Δv

.  

The calculation results verify the effectiveness of the above method. After the 
optimization design, uniformity improved from the original value of ρ = 0.75 to ρ′max = 
0.96. Based on these results, system uniformity can be improved if the average loss 
velocities of the two components are equal to each other. When 1 2 0.1Δv Δv= =  μm per 
week, the accuracy lifetimes of the whole system and its components are the longest; that 
is, 

= = =1 2200 weeks,  300 w’ ’ eeks,  242.62 w’ eekssT T T .  

5. Conclusions 
A novel optimal design method based on the uniform accuracy life principle was 

presented to save resources and improve the utilization efficiency of instruments and 
equipment. According to the uniform accuracy life principle, the uniformity of the whole 
system was defined, and the accuracy loss weight of each component was determined 
using the multiple linear regression method. On this basis, the optimal design models 
were established according to the different requirements of measurement systems. The 
combination method of the SQP method and uniform sampling technology was employed 
to solve these models successfully. The feasibility and effectiveness of the design models 

M
ax

im
um

 u
ni

fo
rm

ity

Figure 2. The optimal solutions of uniformity ρ′ for each group of initial values.

As observed in Figure 2, the optimal solution of uniformity ρ′max is

ρ′max ≈ 0.96.

There are a great number of optimal design variables corresponding to maximum
uniformity. That is, many schemes can be proposed to achieve the goal of maximum
uniformity. From the 1000 optimum design variables, it is observed that, as long as the
accuracy loss velocities of component one and component two are equal, the optimal
solution can be achieved. Suppose that the accuracy loss velocities of component one and
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component two are the same ∆v, the following results can be obtained according to the
constraint equations:

ρ′max =
min

{
T′1, T′2, T′s

}
T

=
20
∆v

[ 60
(1.998+0.475)∆v + 20

∆v + 30
∆v ]/3

= 0.96.

The calculation results verify the effectiveness of the above method. After the opti-
mization design, uniformity improved from the original value of ρ = 0.75 to ρ′max = 0.96.
Based on these results, system uniformity can be improved if the average loss velocities
of the two components are equal to each other. When ∆v1 = ∆v2 = 0.1 µm per week, the
accuracy lifetimes of the whole system and its components are the longest; that is,

T′1 = 200 weeks, T′2 = 300 weeks, T′s = 242.62 weeks.

5. Conclusions

A novel optimal design method based on the uniform accuracy life principle was
presented to save resources and improve the utilization efficiency of instruments and
equipment. According to the uniform accuracy life principle, the uniformity of the whole
system was defined, and the accuracy loss weight of each component was determined
using the multiple linear regression method. On this basis, the optimal design models
were established according to the different requirements of measurement systems. The
combination method of the SQP method and uniform sampling technology was employed
to solve these models successfully. The feasibility and effectiveness of the design models
and the solution method were verified using an example. The results revealed that the
uniformity was improved from the original uniformity of 0.75 to 0.96. When the average
loss velocities of the two components were both equal to 0.1 µm per week, the accuracy
lifetimes of the whole system and its components (components one and two) were the
longest, that is, 242.62 weeks, 200 weeks and 300 weeks, respectively. The uniform principle
and the optimal design models can be used to improve the uniformity of accuracy lifetimes
for some measurement systems. Further research will focus on the application of the
proposed methods to complex instruments and equipment.
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