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Space close-range inspection can be used to carry out close-range observation and monitoring of targets for identifying the target’s
types and working states, which is of great significance for space missions such as in-orbit services. The effectiveness evaluation of
space inspection tasks will significantly affect the studies on the trajectory design, orbit motion control, and task termination
conditions. However, the evaluation models in previous studies are too simple such as that they are usually without
considering dynamic changes in the satellite orbit relative motion. Besides, these studies fail to build a comprehensive
evaluation model for the whole inspection task process. In this paper, taking the most commonly used optical inspection as an
example, the novel multifactor inspection task effectiveness evaluation models were investigated, including the constraint
models of observation, the relative distance evaluation model, the effective observation time evaluation model, and the target
observation angle evaluation model. These models solve the effectiveness evaluation problem for the complete process of an
inspection task, which can support the design of inspection strategies and trajectories better by using the evaluation results. In
addition, numerical simulations and 20 semiphysical experiments were carried out to validate the proposed evaluation models.

1. Introduction

Along with the development of space technologies, the
demand for close-range control for orbit services and space
countermeasures, such as target capture and fault repair,
increases strongly. For verifying the type of target, identify-
ing the target’s status or locating the target’s faults, etc., the
optical inspection for space targets is mostly used. Efficiency
evaluation can quantitatively evaluate the completion and
efficiency of inspection tasks, support the optimization
design of inspection tasks, and enhance the mission capabil-
ity of inspection spacecraft.

Currently, there are many studies on the observation
conditions, sensor hardware optimizations, and evaluations
of observation images for close-range optical observation.
Weiss et al. developed a performance evaluation model for
the evaluation of space station inspection task, which is con-
sisted of the percentage of anomalies detected and the time
taken to complete the inspection [1]. Boskovic et al. devel-

oped an integrated mission planning and autonomous
control technology system including the closed-loop sensor
response, online learning about the environment, and reac-
tive mission planning. This system has been used in NASA
Langley’s research project ISR (Intelligence Surveillance
Reconnaissance) [2]. Meister et al. introduced some methods
for modeling and assessing an imaging sensor that could be
used in the aerospace industry for camera-based inspection
[3]. Neta and Vallado gave a solution in the case of a cylindri-
cal shadow for calculating the elliptical orbits’ earth shadow
speedily in the inspection [4]. Sheikh et al. gave out the quality
assessment algorithms that could be used to automatically
assess the quality of images or videos in a perceptually consis-
tent manner [5]. Yang et al. analyzed spatial object visibility
models such as earth shadow constraints and solar interference
constraints [6]. Wang et al. conducted a simulation analysis on
the close-range inspection imaging process of the GSSAP
(Geosynchronous Space Situational Awareness Program) satel-
lite and found that when observing high-earth-orbit (HEO)
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targets, it is necessary to comprehensively consider the observa-
tion distance, sunlight, and observation angle to obtain good
imaging results [7]. Zhao et al. simulated and analyzed the
space debris detection capabilities of space-based optical obser-
vation systems in low-earth orbit and subsynchronous transfer
orbit [8]. Wang et al. used an image motion measurement
method based on remote sensing images to study the problem
of obtaining high-quality observation images by obtaining the
displacement between adjacent frames through registration
algorithms [9]. Ying et al. analyzed the factors that affect the
detection distance and established a mathematical model for
the maximum detection distance of the optical observation sys-
tem [10]. Lin-ling investigated the quality evaluation of remote
sensing images related to subjective vision and proposed a
method of the clarity quality [11]. Lu analyzed the characteriza-
tion parameters of remote sensing image quality and obtained a
comprehensive characterization and evaluation method
through principal component analysis [12].

These studies can improve the ability of inspection
spacecraft for obtaining high-quality images with discreting
states of the target. However, there are still some issues that
need further research:

(1) The above-mentioned models usually consider rela-
tively single evaluation element. Almost all of them
just focus on the imaging quality evaluation under
different lighting conditions or different relative dis-
tances. They have not considered the dynamic
changes in the relative motion of satellite orbits

(2) The above studies mainly focus on the static evalua-
tion of some discrete points during the inspection
process, but they have not established any model to
evaluate the achievement and efficiency for the entire
observation task. For example, several high-quality
discrete observations of the target at a fixed position
may be valueless comparing with a 30 minutes con-
tinuous and multiangle observation

(3) The validation of models or algorithms in the previ-
ous literatures mainly involves theoretical simula-
tions or some single-device experiments such as the
experiments based on cameras only. These simula-
tions or experiments cannot validate the various
elements in the inspection process comprehensively

The main reasons may be that the inspection task
involves multiple factors, such as lighting constraints, vari-
abilities of position, and speed during the inspection as the
same as the variabilities of different inspection task trajecto-
ries. Thus, it is complex to construct a comprehensive
evaluation model. In addition, space inspection motions
include the relative orbital motions and the respective atti-
tude motions of two satellites. The simulation of motions
should be more than 9 degrees of freedom, making it diffi-
cult to conduct physical ground validation experiments.

On the contrary, this paper focuses on the evaluation of
the whole inspection process and provides a new effective
evaluation method for the comprehensive evaluation of
space close-range inspection tasks. It is organized as follows:

In Section 2, the typical constraint models were introduced,
including sunlight constraint and camera performance con-
straint. In Section 3, based on the factors such as relative dis-
tance, image movement, effective observation time, and
target observation angle, the quantitative evaluation model
for the comprehensive effectiveness of the whole inspection
task is derived. After that, numerical simulations and 20
times semiphysical comprehensive experiments with 2 dif-
ferent conditions were carried out and analyzed, respec-
tively, in Section 4 and Section 5.

2. Space Inspection Constraint Models

2.1. Problem Identification. Considering mass and size limi-
tations, the inspection spacecraft usually need to approach
their targets within about 10 km to conduct effective optical
observations and obtain clear images. According to the data
from the ISON (International Scientific Optical Network)
space monitoring network of the Russian Academy of
Sciences, GSSAP satellites conducted 9 close-inspection
missions from 2016 to 2020, and all these inspections were
realized within a relative distance of 10-15 km [13].

Therefore, the evaluation of inspection effectiveness in
this paper is defined as the effectiveness evaluation of the
inspection process which means the inspection spacecraft
within a distance of about 10 km from the target. The other
tasks, i.e., the long-range approach process of the target, are
not included in this evaluation scope.

2.2. Constraint Models. Based on the problem’s definition
above, the close-range optical inspection observation mainly
considers ground shadow constraint, sunlight angle con-
straint, and relative angular velocity constraint. When the
ground shadow constraint is modeled, the inspection space-
craft can be approximately seen as overlapping with the
position of the target spacecraft.

2.2.1. Ground Shadow Constraint Model. Assuming that the
geocentric vector of the target spacecraft is re, the geocentric
vector of the sun is rs, and the angle between re and rs is α,
then, the target spacecraft can be observed when

0 ≤ α ≤
π

2 1

2.2.2. Sunlight Angle Constraint Model. Space-based optical
observation needs to ensure that sunlight does not directly
enter the camera’s field of view; that is, the sum of the appar-
ent radius of the sun and its light scattering angle is not
within the camera’s field of view, as shown in Figure 1.

θ is the field of view angle of the inspection spacecraft
camera, β is the angle between the relative position vector
of the target spacecraft and the relative position vector of
the sun, θ0 is the sum of the apparent radius of the sun
and its light scattering angle, 0 < θ0 < π/2, 0 ≤ β ≤ π, and
then, the sunlight angle constraint is

θ

2 + θ0 < β 2
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It can be represented as a vector

θ

2 + θ0 < arccos
rpe × rps
rpe rps

3

2.2.3. Observation Angular Velocity Constraint Model. Due
to the performance of optical sensors, the angular velocity
of sight line between the inspection spacecraft to the target
cannot be too large; otherwise, the sensor may not be able
to capture the target because of insufficient integration time
of the camera imaging unit.

The maximum angular velocity which can be recognized
by the inspection spacecraft sensor is ωmax, the relative
velocity of the target to the inspection spacecraft is vr , the
angle between the relative velocity vector and the target’s
relative position vector rpe is γ, and the observed angular
velocity is ω, as shown in Figure 2.

Derived from velocity relationship

vr sin γ = ω rpe 4

According to the relationship between vr and rpe,

γ = arccos
rpe ⋅ vr
rpe vr

5

From equations (4) and (5), it can be derived that

ω = vr
rpe

sin arccos
rpe ⋅ vr
rpe vr

6

The observed angular velocity constraint is

vr
rpe

sin arccos
rpe ⋅ vr
rpe vr

≤ ωmax 7

ωmax is related to the exposure time and pixel size of the
observation camera and is mainly determined by the hard-
ware of the observation camera.

3. Space Inspection Effectiveness
Evaluation Models

3.1. Relative Distance Evaluation Model. The size of the tar-
get spacecraft in the observation images directly affects the
optical observation effect, while the imaging size is mainly

determined by the performance of the observation sensor
and the relative distance of the target spacecraft. Note that
f is the focal length of the inspection camera, H is the rela-
tive distance of the target spacecraft, and d and b are the
height and width of the CCD camera target surface, as
shown in Figure 3.

When the distance between the lens and the target
spacecraft is H, the maximum width B and maximum height
D that the camera can measure are

D = dH
f

,

B = bH
f

8

The actual length corresponding to the unit image length
is μ

μ = D
d
= B
b
= H

f
9

The actual width βb and length βd corresponding to each
pixel are

βb = kbμ = kb
H
f
,

βd = kdμ = kd
H
f
,

10

where kb × kd is the pixel size.
Therefore, the closer the distance, the larger the imaging

of the target. However, if the distance is too close, a complete
image of the target cannot be obtained which means that the
observation requirements are not well filled. The observation
effect is best when the target spacecraft is fulfilled with the
entire pixel. To simplify the discussion, assuming that the
target is a L × L × L cube satellite and the image plane of
the inspection camera is square, i.e., b = d = l, when the tar-
get spacecraft is fulfilled with the entire pixel

L
H

= l
f
, i e ,H = Lf

l
11
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Figure 1: Schematic diagram of sunlight angle constraint.
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Figure 2: Schematic diagram of relative angular velocity constraint.

3International Journal of Aerospace Engineering



Therefore, the observation effect is best at a relative dis-
tance H = Lf /l.

When H < Lf /l, a valid and complete photo cannot be
obtained, and the observation efficiency of the observation
point will be scored as zero. When the relative distance is
too far, the target imaging is too small, making it difficult
to distinguish the details of the target effectively. Thus, the
observation efficiency of this observation point is also scored
as zero. Considering 10 times the optimal observation
distance as the farthest cutoff point, we can establish a rela-
tive distance evaluation model and obtain the evaluation
score md :

md =

0, H < Lf
l
,

10Lf /l −H
9Lf /l

2
× 100, Lf

l
≤H ≤

10Lf
l

,

0, H > 10Lf
l

12

3.2. Image Motion Evaluation Model. During the inspection
process, there are usually relative motions between the
inspection spacecraft and the target spacecraft. During the
exposure process of the observation camera, there will inev-
itably be relative motion between the image and the photo-
sensitive object, resulting in the displacement of the target
image point on the camera image plane, which is called
image motion. Image shifting can cause image blurring
and reduce imaging quality.

It is assumed that the speed of the target spacecraft rela-
tive to the inspection spacecraft is vr . The image motion
speed vm on the image plane during two shots is

vmΔt
vrΔt

= f
H

13

The image motion speed on the image plane is

vm = f
H
vr 14

The image motion distance during the exposure time δ is

δ = vr f
H

Δt 15

Although the same amount of image motion distance,
the degree of blurriness displayed varies along with the size
of the target on the image plane varying. The ratio of image
motion to the size of the target on the image plane can be
used to characterize the degrees of blurriness of the image,
that is δm.

δm = δ

l
16

Substituting equations (11) and (15) into equation (16),
then

δm = vr
L
Δt 17

When the fuzzy indicator δm exceeds the maximum
value δm max, the observation image is unclear and the obser-
vation efficiency is scored as zero. Establish an image motion
evaluation model to evaluate scores mid :

mid =
1 − δm

δm max
× 100, 0 ≤ δm ≤ δm max,

0, δm > δm max

18

3.3. Effective Observation Time Evaluation Mode. To obtain
sufficient information about the target spacecraft, it is
usually desirable to have a sufficiently long effective observa-
tion time for the target under the constraints. Assuming that
the inspection spacecraft observes and takes photos of the
target at equal time intervals, the effective observation time
can be represented by the number of effective photos N
obtained in the inspection task. However, the effective
observation time has a marginal effect; i.e., when the effective
time reaches certain degrees, the observation efficiency of the
task will not increase obviously. We have established an
effective observation time evaluation model and the evaluat-
ing scores mt :

mt =
N

N + 40 × 100 19

3.4. Target Observation Angle Evaluation Model. On the
other hand, it should be noticed that the inspection space-
craft carry out observations in all directions of the target
spacecraft as much as possible for more information. Con-
sidering the target spacecraft as the center, it is tangentially
divided into several (such as 32) equal-angle fan-shaped
areas along the circumference. The more areas covered by
the inspection spacecraft for effective observation, the more
effective the observation. At the same time, an observation
uniformity index is defined to measure the difference in
effective observation of targets by the inspection spacecraft
in different observation areas. In each area, if the number
of photos taken by the inspection spacecraft is equal, it

CCD

d

b

B

D

fH

Figure 3: Schematic diagram of CCD camera imaging.
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indicates that the observation is sufficiently uniform and the
observation consistency at all angles of the target is the best.

f θ, θi, sθ =
0, θ − θi ≥ sθ,
1
sθ

−
θ − θi
s2θ

, others,
20

f θ θ = 1
N
〠
N

i=1
f θ, θi, sθ , 21

gθ θ = β θ
1
2π ,

22

β θ =
0 5, θ = ±π,
1, θ = others,

23

Θk = −π + 2π k
32 , 1 ≤ k ≤ 32,

sθ =
2π
32

24

θi is the angle of the inspection spacecraft relative to the
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(a) Relative distance evaluation model scores
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(b) Image motion evaluation model scores
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(c) Single-point observation evaluation scores

Figure 4: Evaluation of single-point observation efficiency.

Table 1: Initial relative state of two spacecraft.

Relative states x (m) y (m) z (m) x (m/s) y (m/s) z (m/s)

Target spacecraft 0 0 0 0 0 0

Inspection spacecraft 15000 0 0 -8.2178 3.3941 0
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target spacecraft when taking photo No i. Therefore, the
uniformity function of photo taking angle can be defined as

Eθ = 〠
32

k=0

f θ Θk

gθ Θk
− 1

2
25

The more uniform the distribution of effective photos,
the smaller the value Eθ. Establish a target observation angle
evaluation model and evaluate scores me.

me =
1

1 + 1/3 × Eθ/ 2 17 × 103 − 1 × 100 26

3.5. Comprehensive Evaluation Model. Based on the models
established above, the single-point observation efficiency
evaluation model during the inspection process is m.

mi = C ⋅md ⋅mid , 27

where C is the constraint satisfaction coefficient. When C is
1, it means that the target meets all the observation con-

straints. Otherwise, if any of the observation constraint is
not met, the C is 0.

In addition, taking account of the effective observation
time evaluation and the target observation angle evaluation
during the task process, the overall comprehensive effective-
ness evaluation model of the inspection task is M.

M = mtme

N
〠
N

i=1
mi 28

mi is the evaluation result of every single point during
the inspection process, mt is the evaluation result of the
effective observation time of the task, and me is the evalua-
tion result of the target observation angle of the task.

4. Theoretical Simulation Analysis

4.1. Example Configuration. Initially, the target spacecraft is
set to be in a circular orbit at an altitude of 400 km above the
ground, and the inspection spacecraft will fly around it. The
inspection period is 720 s, and the camera takes photos every
5 seconds. The initial relative states of the two spacecraft

Simulation information
Measurement information 

Inspection
observation images

Integrated simulation
subsystem 

Data of
sunlight states

Platform motion
state measurement

Semi-physical
simulated sunlight

Sunlight semi-physical
platform

Target spacecraf semi-
physical motion platform

Inspection spacecraf semi-
physical motion platform

Inspection motion
simulation data

Figure 5: The semiphysical experiment system for close-range inspection.

Table 2: Evaluation model scores for partial states and the whole task.

Experiment state x (m) y (m) md mid mt me M

State 1 565 -268 87.9 91.8

98 63 74.5State 2 733 -233 80.5 92.8

State 3 899 -196 73.1 93.5
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(a) State 1 (b) State 2

(c) State 3 (d) State 4

Figure 6: Continued.
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defined in the target orbit coordinate system are shown in
Table 1.

4.2. Analysis of Simulation Results. According to equations
(12) and (18), the performance scores of the relative distance
evaluation model and the image motion evaluation model
during the task process can be obtained, as shown in
Figures 4(a) and 4(b). Figure 4(c) shows the variation of task
observation effectiveness evaluation scores over time.

From Figure 4, it shows that the observation efficiency
score of the relative distance evaluation model ranges from
50 to 100 points with a significant change, indicating that
the relative distance has a significant impact on the quality
of the observation graph. The score of the image motion
evaluation model is between 85 and 95, indicating that the
relative velocity effect is not significant, which is consistent
with the lower relative velocity configured in the example.
The comprehensive score of observation task effectiveness
ranges from 45 to 85 points.

Furthermore, we select three states during the observa-
tion process for quantitative analysis, and the evaluation
scores are shown in Table 2.

According to the above table, it shows that the average
relative distance evaluation score md for each state is 80.5
points, and the average image motion evaluation score mid
is 92.7 points. It indicates that this task is less affected by rel-
ative distance and image motion factors. The model evalua-
tion results are consistent with the parameter settings with a
smaller relative distance and relative speed. The effective
observation time evaluation score mt for the current task is
98 points, indicating a longer observable time. The score of
effective observation angle evaluationme is 63 points, mainly
due to the influence of the target observation angle as there
are some unobservable areas, which results in incomplete

target observation. The overall effectiveness evaluation score
M is 74.5 points, indicating that the whole effectiveness of
the inspection task is common.

5. Semiphysical Experiment Validation

5.1. Semiphysical Experiment Environment. For further vali-
dation of the proposed evaluation models, a semiphysical
close-range inspection experiment system is designed and
carried out based on the 9-degree of freedom spatial relative
motion simulation platform in our laboratory. The semiphy-
sical experiment system has two semiphysical models of the
inspection spacecraft and the target spacecraft, inspection
observation cameras, an integrated simulation subsystem,

(e) State 5 (f) State 6

Figure 6: Photos of double ellipse flying inspection semiphysical experiment.
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Figure 7: Double ellipse flying inspection experiment trajectory.
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and a semiphysical sunlight simulation platform, as shown
in Figure 5.

The motion platform mainly consists of an inspection
spacecraft motion platform and a target spacecraft motion
platform which implement the semiphysical simulation of
the relative motions with a 3-degree of freedom orbit during
the inspection process and the respective 3 degrees of free-
dom attitude motion for each of the two spacecraft. The
motion platform can carry out experiments with a position
accuracy of 2mm and an attitude accuracy of 0.05°. Two
scaled spacecraft physical models as same as the inspection
cameras are installed on the motion platform. Based on the
inspection dynamic models, the integrated simulation sub-
system solves the inspection motion and drives the motion
platform to conduct a semiphysical simulation of the inspec-
tion motions. The integrated simulation subsystem simulta-
neously generates sunlight status data during the inspection
process and drives the sunlight simulation platform to com-
plete the simulation of the sunlight.

According to the common space optical cameras used both
domestically and internationally, the inspection camera is
selected to be equipped with CMOS sensors A5131CG75with
a lens MH0820S whose pixel size is 2.4μm. The camera’s
exposure time is variable from 1μs to 1 s, and the field of view
angle is 47.9°∗32.9°. The camera’s distortion is less 0.1%, and
the resolution ratio is 1280 ∗ 1024 pixels.

5.2. Experiment Design. The initial conditions of the semi-
physical experiments are consistent with the theoretical sim-
ulation examples in Section 4.1. Two experiment conditions
are designed, namely, double ellipse flying inspection and
double water-droplet flying inspection. The experiments
are repeated 10 times in each condition, and the results of
10 experiments are compared and analyzed with the results
of the evaluation model. Due to the distance of the semiphy-
sical motion platform being 12m, we employ a scaled exper-
iment method. The scaled rate of the motions is 400 : 1, and
the scaled rate of the spacecraft physical models is 10 : 1;

other scaled rates such as the velocity and acceleration are
designed based on similarity criteria, as shown in Figure 6.

5.3. Analysis of the Experiment Results

5.3.1. Double Ellipse Flying Inspection Experiment. In the tar-
get orbit coordinate system, the initial position of the inspec-
tion spacecraft is [1500m, 0,0], and the inspection period is
720 s. Then, we select a part of the trajectory from the
inspection task for the semiphysical experiment, as shown
in Figure 7.

Each experiment lasted for 264.5 seconds, and a total of
10 repeated experiments were conducted. Six separate sta-
tuses in the inspection process were selected randomly to
take photos, as shown in Figure 6.

From the figure, it can be concluded that during the task
process, the overall imaging of the target is clear. The prac-
tical imaging effect is consistent with the experiment condi-
tions for low relative distance and low relative velocity, and
the sun is not in the camera’s field of view. Under this exper-
iment condition, the inspection spacecraft can continuously
obtain high-quality images of the target, which can complete
the inspection task preferable.

5.3.2. Double Water-Droplet Flying Inspection Experiment.
GSSAP conducts the inspections for noncooperative targets
for identifying target types and work status, etc., usually
within the inspection distance of about 10 km. However,
for inspections such as in-orbit services, it is necessary to
obtain the precise status of the target, and the inspection dis-
tance should be about 1 km. Double water-droplet trajectory
would be better for such inspection tasks.

Setting the initial position of the inspection spacecraft to
[300m, 0,0] with the inspection period of 360 seconds, select
a part of the trajectory from the inspection task for the semi-
physical experiment, as shown in Figure 8.

Each experiment lasted for 155.5 seconds, and a total of
10 repeated experiments were conducted. Four separate sta-
tuses in the inspection process were selected randomly to
take photos, as shown in Figure 9.

Figure 9 indicates that in these states, the target images are
clear, which is more conducive to completing a fine inspection
of the target. The experiment results meet the conditions of
about 100m inspection relative distance and also reflect the
influence of experiment factors such as relative distance on
the inspection observation results. Compared to state 1, state
4 has a relatively long distance and a smaller target, resulting
in a decrease in observation imaging quality.

5.3.3. Summary of the Experiment Results. Comparing and
analyzing the semiphysical experiment results with relevant
research such as reference [14] for further validation, we
select the results of 10 states randomly from two types of
inspection experiments and summarize them in Table 3.

The results in the table show that the relative distance
and image motion evaluation scores of each state extracted
from the double elliptical orbit experiment are relatively
high, with an average score of 81.6 points (it means that
we can clearly identify the target’s main features), indicating
that the observation conditions of the relevant states are
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Figure 8: Double water-droplet flying inspection experiment
trajectory.
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good. The practical semiphysical experiment images are
consistent with the efficiency evaluation score based on the
models. However, the effective observation angle for the tar-
get is only about 107°, which makes it impossible to obtain a
comprehensive image of the target. The observation angle
evaluation score is only 34 points, resulting in a comprehen-
sive task evaluation score of 74.5 which means a common
inspection efficiency.

The variations of the practical inspection photo in the
double water-droplet flying experiment are also consistent
with the variations of the evaluation scores from the effec-

tiveness evaluation models. The average relative distance
and image motion evaluation score is 87 points, indicating
that the observation image quality is higher under observ-
able conditions, but the effective observation angle for the
target is only about 75°, the observation angle evaluation
score is only 27 points, and the task evaluation score is
70.2 points.

The semiphysical experiment and evaluation model
results show that the two typical close-range inspection tra-
jectories’ comprehensive efficiency of the inspection task is
equivalent. The double ellipse flying inspection has a larger

(a) State 1 (b) State 2

(c) State 3 (d) State 4

Figure 9: Photos of double water-droplet flying semiphysical experiment.
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observation angle for the target, but with a slightly poorer
imaging quality, making it more suitable for comprehensive
inspection of the target. The imaging quality of double
water-droplet flying inspection is higher, but the observation
angle of the target is smaller, making it more suitable for
local fine inspection of the target.

Furthermore, we conducted a comparative simulation
analysis of scheme optimization based on the evaluation
results, taking circular inspection trajectory as an example.
The simulation results show that the average comprehensive
efficiency score of the optimized flight around inspection
task is about 80 points, which is about 10% higher than
before optimization.

6. Conclusion

This paper investigated an effectiveness evaluation method
for space close-range inspection, which considers the sun-
light constraint and other constraints. Then, the proposed
evaluation model is validated through numerical simulations
and semiphysical experiments. The following conclusions
could be obtained:

(1) The developed comprehensive evaluation model is
based on the factors such as the relative distance,
the image shift, the effective observation time, and
the target observation angle throughout the entire
task process. Besides, the model covers the discrete
states’ evaluations and the process evaluation of
space inspection tasks. So, the evaluation results are
more effective and accurate

(2) The effectiveness of the developed model was vali-
dated through numerical simulations and 20 times
semiphysical experiments. Besides, the comparison
with previous literature research results validated
the effectiveness of the evaluation models on the
other hand

(3) In the two typical close-range inspection trajectories,
the comprehensive efficiency of the inspection task is
equivalent. However, the double elliptical flying
inspection is more suitable for a comprehensive
inspection of the target, and the double water-

droplet flying inspection is more suitable for the
local fine inspection of the target

The study has solved the problem of not considering the
overall evaluation requirements along the task process, com-
pared with the previous space inspection evaluation studies.
And it expands the research and application further for the
complete process of inspection tasks, which can better sup-
port the in-depth researches such as inspection strategy
design and inspection trajectory optimization based on eval-
uation results.
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