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Abstract: We developed an estimation formula for mission motion suitability evaluation based
on the general motion protocol to evaluate the motion suitability of a tracked vehicle crew jacket.
Motion suitability evaluation was conducted for the 9 general motions and 12 mission motions
among 27 tracked vehicle crew members who wore a tracked vehicle crew jacket. We conducted
correlation and factor analyses on motions to extract the main mission motions, and a multiple
regression analysis was performed on major mission motions using general motions as independent
variables. As a result, two mission behavior factors related to ammunition stowing and board-
ing/entry were extracted. We selected ammunition stowing I and the boarding motion, which
has the highest factor load in each factor and the highest explanatory power (R?) of the estima-
tion formula. Regression equations for ammunition stowing consisting of five general motions
(p <0.001) and for boarding motion (p < 0.01) consisting of one general motion could be obtained. In
conclusion, the estimation formula for mission motion suitability using general motion is beneficial
for enhancing the effectiveness of the evaluation of military jackets for tracked vehicle crews.

Keywords: estimation formula; mission motion suitability; military jacket; mission motion protocol

1. Introduction

The armed fighting vehicle (AFV) [1] is a tracked combat vehicle and a type of weapon
system having specific functions in battle. In particular, the main battle tank (MBT) is a
symbol of armored army forces and is designed with consideration for firepower, mobility,
and protection [2]. The members of the main battle tank vary depending on the model,
but third-generation main battle tanks in China, Russia, France, the United States, and
Germany mainly consist of three or four crew members (commander, gunner, driver,
and loader) [3]. The K1-series, Republic Of Korea’s third-generation main battle tanks
also have four crew members [4]. The mission efficiency of crew members regarding the
operation of tracked vehicles has a significant impact on combat power [1]. Each crew
member plays a different role, but they also perform common missions such as ammunition
stowing, which is a high-intensity task [5]. However, the interior of the tracked vehicle is
very narrow, and seats and protruding structures that are not ergonomic in design cause
musculoskeletal discomfort for the tracked vehicle crew while performing missions [6-8].
Moreover, the vehicle crew reported discomfort while performing the mission motion
because of their current uniform [9-11]. Uniforms worn during the mission should not
interfere with performance. Therefore, the tracked vehicle crew’s uniforms should be
developed considering mission motion suitability [11].

Previous studies on the development of military uniforms have evaluated the motion
suitability of clothing using general motion and mission motion [11-16]. The motion suit-
ability of protective clothing mainly deals with the usability of the joints from an anatomical
point of view [17]. All motions of joints can be described as flexion, extension, adduction,
abduction, rotation, pronation, or supination [18,19], and general motion for evaluating
the motion suitability of the jackets includes the usability of joints of the cervical column
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(neck), lumbar vertebrae (trunk), shoulder, and elbow [11-15]. In particular, the shoulder
joint is the joint with maximum movement among all the joints of the human body [19];
the usability of the shoulder joint is important in judging functional clothing [12]. On
the contrary, the mission motion suitability evaluation includes consecutive motions; a
number of studies have developed motion protocols to evaluate garment comfort and
to test performance according to the type of clothing and the wearer’s mission. A fire-
fighter simulation protocol was developed to evaluate refighting operations [20]. Another
study developed five simulation operation protocols to develop the ROK Navy summer
uniform [21]. In addition, a training scenario assuming chemical accidents and terrorism
through the analysis of the field crew activity was conceptualized [22]. Military combat
uniforms were evaluated using the main combat training motions performed in combat
training [14]. However, most of the training of a special group of tracked vehicle crew
members is conducted inside and outside of the tracked vehicle, and their respective duties
often require them to perform motions that differ from combat training motions usually
performed by ordinary soldiers. Therefore, a mission motion protocol was developed for
the evaluation of the tracked vehicle crew jacket [11].

However, because the clothing development goes through an iterative design process
from preliminary investigation to the final product, following the mission motion protocol,
every time an intermediate evaluation of a sample is conducted, it may be seen as a waste
of time and materials. In particular, it is impossible to completely reproduce the internal
and external environments of a tracked vehicle in order to evaluate the military uniforms
of the tracked vehicle crew, and evaluation is limited due to the nature of military security.
Therefore, developing an estimation formula that can evaluate the motion suitability during
clothing development may shorten the time necessary for the clothing development process
and improve the efficiency of development.

Therefore, this paper proposes an estimation formula for evaluating the mission
motion suitability of a tracked vehicle crew jacket based on data from easily collected
general motions for efficiency in product development as a surrogate measure.

2. Methods
2.1. Collecting Data for Developing an Estimation Formula

We conducted motion suitability evaluation on 27 tracked vehicle crew members on
active duty under K1 to collect data for developing an estimation formula. For verification,
10 crews who participated in the same experiment performed additional experiments in
the same way.

They performed motion suitability evaluation wearing combat uniforms for tracked
vehicle crew inside a tracked vehicle crew jacket and a military winter jacket. Figure 1
shows a tracked vehicle crew jacket (left) and a military winter jacket (right). A military
winter jacket is mainly worn inside the tracked vehicle instead of the tracked vehicle crew
jacket, which was used to verify the development of an estimation formula.

(a) (b)

Figure 1. Jackets worn inside tracked vehicles: (a) Korean tracked vehicle jacket and (b) Korean
military winter jacket.
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The general motions used to evaluate motion suitability were taken from a previous
study that evaluated the military winter jacket [11-16]. These general motions include the
joints of the neck, shoulder, elbow, and trunk. Table 1 lists the nine general motions. They
performed general motions while judging the usability of the joints in a standing position,
and mission tools were excluded, such as heavy ammunition and pistols, which could
affect the load so that the subjects could focus on the evaluation of clothing and obtain
more accurate results.

Table 1. General motions for motion suitability evaluation.

No. 1 2 3 4 5 6 7 8 9
Horizontal Horizontal
Stand Neck Shoqlder Shou}der shoul- Elbow Shoulder shoul- Trunk
" tati flexion flexion der floxi exten- der floxi
erec rotation 90° 180° abduction exion sion adduction exion
General i 90° 90°

motions 0O 0 f

1] g T 9 T i ”\QT ﬁo
T 0 UL 10

/N

Further, mission motions used to evaluate motion suitability were based on the mission
motion protocol for a tracked vehicle crew, which was developed through a focused group
interview (FGI) with 16 crews (seven commanders, three gunners, four drivers, and two
loaders). Table 2 shows the common mission motions and individual mission motions of
the tracked vehicle crew members [11]. Common mission motions include vehicle boarding,
entry, ammunition carrying, ammunition stowing, escaping, and getting off. Individual
mission motions include ammunition loading, sitting activity, driving, and maintenance.

Table 2. Mission motions for motion suitability evaluation.

No. Mission Motions Explanation

: Put both hands on the tracked vehicle,
1 Boarding ‘ step up on one foot and climb onto the
N tracked vehicle with the other foot.

Put both hands on the hatch entrance,
step one leg into the internal structure

2 Entry first, then lower the other leg down and
pass the upper body through the hatch.
Lower your upper body, hold the
4 ammunition head with your right hand,
3 Ammunition ! support the ammunition with your left
carrying ' hand, bring it to the front of your chest,
and then move the ammunition to the
tracked vehicle.
Common
4 Mission Ammunition Y1 Raise the ammunition in both hands
Motions stowing I \ and deliver it to the other crew member.
The ammunition is delivered to the
- crew inside the vehicle, and the crew
Ammunition

5 . member who received the ammunition
stowing II e . .
lays the ammunition by bowing their
torso.
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Table 2. Cont.

No.

Mission Motions

Explanation

Escaping

Raise both arms above your head, place
both hands at the hatch entrance, and
then pass the hatch through the head,
torso, and legs in this order.

Getting off

Use a ladder to descend, or sitin a
tracked vehicle and jump.

Individual
Mission
Motions

Ammunition
loading

Hold the ammunition loaded inside
with both hands up to the chest
position, pull the right shoulder back,
then inject the ammunition by pushing
the shoulder forward.

10

11

12

Sitting
activity

The gunner looks at the sight for a shot.
The commander looks closely at the
tracked vehicle operation and shooting
instructions.

Driving I
Individual
Mission

The driver sits in the cockpit, holds the
steering wheel with both hands, and
moves his shoulders back and forth
while driving.

Motions

Driving II

Tilt the cockpit back, drive with
shoulders back and forth extending
arms.

Maintenance

The driver performs maintenance in the
cockpit or outside the tracked vehicle
with both hands facing down and
bending at the waist.

According to the mission motion protocol for a tracked vehicle crew, the three crew
members (A, B, and C) formed a team and performed the procedures three times in a
tracked vehicle environment. For common mission motions such as ammunition carrying
and ammunition loading, in order to maintain the same flow of motion as when performing
an actual mission, three crew members proceeded according to their respective duties, but
changed the missions every cycle so that all missions could be performed. The series of
mission motion protocols are presented in Table 3 [11].

Table 3. Mission motion protocol for motion suitability evaluation.

No. Mission Motions Explanation
1 Ammunition Crews A, B, and C move to the tracked vehicle with the
carrying(Crews A, B, C) ammunition on the floor (10 m).

’ Boarding Crews A and B put one foot on the tracked vehicle and
(Crews A, B) get on the tracked vehicle with the other.

3 Entry (Crew A) Crew A opens the loader’s hatch and goes inside.

4 Ammunition stowing I Crew C raises their arms to Crew B on top of the tracked
(Crews B, C) vehicle and raises the ammunition.

5 Ammunition stowing II Crew B receives the ammunition and delivers it to Crew

(Crews A, B)

A inside the tracked vehicle.
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Table 3. Cont.

No. Mission Motions Explanation
Boarding /

6 (Crews B, C) Crew B and C open the commander’s hatch and enter.

7 Sitting activity Aft.er taking a seat, prepare to shoot while looking at the
periscope.

8 Ammunition loading Load ammunition manually.

9 Escaping Open the commander’s hatch and step outside.

10 Entry Open the driver’s hatch and go inside.

11 Driving I Perform normal driving.

1 Driving II Close the hatch, lie d(.)wn at an angle, and perform a
closed control operation.

13 Maintenance Sit %n the cockpit seat, lean forward, and perform
maintenance.

14 Escaping Open the driver’s hatch and step outside.

15 Getting off Step one foot on the tracked vehicle and step off the

tracked vehicle with the other.

The evaluation scale for general motion and mission motion suitability consists of a
7-point Likert scale [11,13] with 1 point meaning very uncomfortable, 2 points meaning
uncomfortable, 3 points meaning slightly uncomfortable, 4 points meaning moderate,
5 points meaning moderately comfortable, and 6 and 7 points meaning comfortable and
very comfortable, respectively.

2.2. Data Analysis for Developing an Estimation Formula

Correlation and factor analyses of mission motions were conducted to identify corre-
lations in mission motions and to extract the main mission motions. A correlation analysis
between general motion and mission motion was also performed to select the indepen-
dent variables used in the estimation formula. A multiple regression analysis was used
to develop an estimation formula for motion suitability evaluation based on the correla-
tion between general motion factors, which could be used instead of the mission motion
suitability evaluation.

Data analysis was performed using SPSS 28.0 ver. The mean scores (m) and standard
deviation (SD) of the suitability evaluation of each motion were included in the results. As a
result of Shapiro-Wilk test, the p-value is higher than 0.05 to prove a normal distribution at
the level of p < 0.05; therefore, in order to determine validity, a paired t-test was conducted
between the estimation formula value and the real mission motion suitability score for
the tracked vehicle crew jacket and the military winter jacket. In addition, to verify the
reliability of the repeated measurement of the estimation formula, the formula was applied
to the general motion evaluation results of 10 study subjects who wore the tracked vehicle
crew jacket, and the results were compared.

3. Results
3.1. The Relationship between the Mission Motions of the Tracked Vehicle Crew

In the correlation analysis of mission motion (Table 4), it was found that each motion
was related to other motions. There was a highly positive and significant correlation
between boarding and entry (r = 0.833, p < 0.05). There was also a positive correlation
between boarding and its opposite actions, such as escaping (p < 0.01) and getting off
(p <0.01), and it was highly and positively correlated with sitting activity (p < 0.01), driving
I (p <0.01), driving II (p < 0.001), and maintenance (p < 0.05), including bending motion in
a confined space. Ammunition was positively correlated (p < 0.05) with the ammunition
stowing II because one of the two people moved from the deck of a tracked vehicle with



Appl. Sci. 2021, 11,9129

60f 11

ammunition; however, it was not significantly correlated with most mission motions. In
the case of ammunition stowing, one of the two people raised the ammunition while the
other had to sit or bend to receive the ammunition; therefore, this had a positive correlation
(p < 0.05) with sitting activity and maintenance. There was also a very high positive
correlation between ammunition stowing I and II (r = 0.829, p < 0.01). The rest of the
motions were not significantly correlated with ammunition loading, except for the escape
motion (p < 0.05), wherein the shoulder joint was used to raise the upper body through the
hatch. Sitting activity showed a high positive correlation with driving I and maintenance
in an enclosed space (p < 0.001).

Table 4. Correlation results between mission motions (n = 27).

M1 M2 M3 M4 M5 Meé M7 M8 M9 M10 Mi1 M12
M1 1 0.833 ** 0.066 0.401 0.175 0.483 0.751 ** 0.732 ** 0.829 ** 0.818 ** 0.873 *** 0.661*
M2 0.833 ** 1 0.197 0.172 —0.117 0.414 0.635 * 0.732 ** 0.638 * 0.764 ** 0.818 ** 0.472
M3 0.066 0.197 1 0.536 0.604 * 0.095 0.500 0.402 0.238 0.236 0.279 0.302
M4 0.401 0.172 0.536 1 0.829 ** 0.225 0.675* 0.226 0.537 0.488 0.525 0.653 *
M5 0.175 -0.117 0.604 * 0.829 ** 1 0.254 0.547 0.241 0.503 0.345 0.345 0.609 *
Meé 0.483 0.414 0.095 0.225 0.254 1 0.382 0.670 0.607 0.452 0.632 0.479
M7 0.751 ** 0.635 * 0.500 0.675* 0.547 0.382 1 0.550 0.817 ** 0.869 *** 0.832 ** 0.851 ***
M8 0.732 ** 0.732 ** 0.402 0.226 0.241 0.670 * 0.550 1 0.689 * 0.619 * 0.699 * 0.419
M9 0.829 ** 0.638 * 0.238 0.537 0.503 0.607 0.817 ** 0.689 * 1 0.793 0.897 0.876
M10 0.818 ** 0.764 ** 0.236 0.488 0.345 0.452 0.869 *** 0.619 * 0.793 1 0.875 0.773
M11 0.873 *** 0.818 ** 0.279 0.525 0.345 0.632 0.832 ** 0.699 * 0.897 0.875 1 0.804
M12 0.661 * 0.472 0.302 0.653 * 0.609 * 0.479 0.851 *** 0.419 0.876 0.773 0.804 1

M1: boarding; M2: entry; M3: ammunition carrying; M4: ammunition stowing I; M5: ammunition stowing II; M6: ammunition loading; M7: sitting
activity; M8: escaping; M9: getting off; M10: driving I; M11: driving II; M12: maintenance. Values are correlation coefficients. p * < 0.05, p ** < 0.01,
p *** <0.001.

3.2. Selection of the Main Mission Motions of the Tracked Vehicle Crew

A factor analysis was performed on a total of 12 mission motions to extract the main
mission actions. After eliminating multicollinearity among driving I, driving II, escaping,
seating activity, getting off, and maintenance, the factor analysis was repeated, and a total
of two factors were identified. Kaiser-Meyer—Olkin (KMO) was 0.580, Bartlett was at the
p <0.001 level, and the cumulative contribution of total common factor variance was 95.01%.
Table 5 shows factor analysis results of main mission motions of a tracked vehicle crew.

Factor 1 refers to the motions associated with ammunition stowing and has an ex-
planatory power of 48.47% for the mission motions of the tracked vehicle crew, with an
internal consistency of 0.956. Factor 1 refers to the motions associated with delivering
ammunition to the crew on the tracked vehicle and stowing it inside the tracked vehicle;
therefore, it involves all motions related to the ammunition.

Factor 2 refers to the motions associated with boarding and entering tracked vehicles
and has an explanatory power of 46.54% for the mission motions of tracked vehicle crews,
with an internal consistency of 0.922. Motions belonging to Factor 2 may be referred to as
mission motions, including the motion of bending the body to get on the vehicle and enter
the interior.

In summary, the main task actions of the tracked vehicle crew can be divided into
motions related to the loading of ammunition (Factor 1) and the action of boarding and
entering the vehicle (Factor 2).

Table 5. Factor analysis results of main mission motions of a tracked vehicle crew (n = 27).

Factor Common
Motion Factor Cronbach’s
1 2 Variance
Ammunition stowing I 0.975 0.123
Ammunition stowing II 0.945 0.260 48.47 0-956
Boarding 0.148 0.962
Entry 0.299 0.909 4654 0.922

Total common factor variance (%) 95.01
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3.3. Development of Motion Suitability Evaluation Estimation Formula for Mission Motion

Analysis of the correlation between mission motion and general motion (Table 6)
revealed that there was a highly positive correlation between ammunition stowing I and
ammunition stowing II with the stand erect, shoulder flexion 180°, shoulder extension,
horizontal shoulder adduction 90°, and trunk flexion (p < 0.001). The reason ammunition
stowing I and ammunition stowing Il motion was positively correlated with the stand erect
posture is that the collar and hem of the current tracked vehicle crew jacket are ribbed, so
even in the stand erect posture, discomfort in the waist and neck influenced the evaluation.
In addition, most of the ammunition loading motions showed a high correlation with the
general motions related to the shoulder joint use motions, including the trunk flexion used
in receiving ammunitions, as this is conducted in pairs.

Boarding and entry were correlated with the trunk flexion (p < 0.01) and shoulder
flexion 180° (p < 0.05), but their correlations with shoulder flexion 180° were as low as 0.35
and 0.33, respectively.

Table 6. Correlation results between general motion and mission motion (1 = 27).

. . Ammunition Ammunition
Motion Boarding Entry Stowing I Stowing IT
Stand Erect 0.324 0.356 0.710 *** 0.644 ***
Neck rotation 0.142 0.319 0.328 0.331
Shoulder flexion 90° 0.128 0.117 0.369 0.352
Shoulder flexion 180° 0.355 * 0.326 * 0.627 *** 0.641 ***
Horizontal shoulder
abduction 90° —0.078 0.054 0.182 0.270
Elbow flexion 0.243 0.169 0.282 0.230
Shoulder extension 0.289 0.195 0.709 *** 0.805 ***
Horizontal shoulder - ex
adduction 90° 0.216 0.111 0.752 0.693
Trunk flexion 0.521 ** 0.462 ** 0.573 ** 0.548 **

Values are correlation coefficients. p * < 0.05, p ** < 0.01, p *** < 0.001.

A multiple linear regression analysis was performed using general motions that
showed a correlation of 0.4 or higher as the independent variable (p < 0.01, p < 0.001),
with respect to the main mission motions of the tracked vehicle crew, such as ammunition
stowing I, ammunition stowing II, boarding, and entering.

Regression equations for ammunition stowing I and ammunition stowing II were
derived using the stand erect, shoulder flexion 180°, shoulder extension, horizontal shoul-
der adduction 90°, and trunk flexion as independent variables for the regression analysis
(p < 0.001). For boarding and entry, a regression equation was derived using trunk flexion
as the independent variable (p < 0.01, p < 0.05).

The equations for estimating the mission motion suitability of the tracked vehicle crew
based on general motion are listed in Table 7.

Table 7. Estimation formula of main mission motion suitability (n = 27).

Motion Equation R R? SEE F
Ammunition, Y = —0-192 + 0.490H +
o 0.356A — 0.406D + 0.870 0.756 0.698 13.017 #**
& 0.170G + 0.2451
Ammunition Y= 0-170+ 0243H +
el 0.003A — 0.189D + 0.848 0.718 0.652 10.753 ***
& 0.582G + 0.2131
Boarding y =1.283 + 0.5191 0.521 0.271 0.242 9.314 **
Entry y = 1.521 + 0.456] 0.462 0213 0.182 6.784 *

A, stand erect; D, shoulder flexion 180°; G, shoulder extension; H, horizontal shoulder adduction 90°; I, trunk
flexion. p * < 0.05, p ** < 0.01, p *** < 0.001.
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There was a significant positive correlation between ammunition stowing I and ammu-
nition stowing II (r = 0.829, p < 0.01), as well as between boarding and entering (r = 0.833,
p < 0.01), and each factor also had a high factor load (0.975, 0.962, respectively). Moreover,
the general motions used as independent variables were the same. Therefore, in this study,
ammunition load I and boarding, the motions that had the highest factor load and the
highest explanatory power (R?) in the estimation equation, were selected as representative
motions of the tracked vehicle crew. The final estimation formula is as follows:

Ammunition Stowing I y = — 0.192 + 0.490H + 0.356A — 0.406D + 0.170G + 0.2451

Boarding y = 1.283 + 0.5191

A, stand erect; D, shoulder flexion 180°; G, shoulder extension; H, horizontal shoulder
adduction 90°;
I, trunk flexion.

3.4. Review of the Applicability of the Estimation Formula

To confirm the validity of the developed estimation formula, we compared the results
of the developed estimation formula when applied to a tracked vehicle jacket and a military
winter jacket, which are mainly worn inside tracked vehicles, and the real evaluation score
for the mission motion. (Table 8) shows no significant difference between the result of the
developed equation and the real score at the level of p < 0.05; therefore, the estimation
formula is valid.

Table 8. Difference between values calculated of estimation formula and actual score (n = 10).

- . Developed
Military Uniform Motion Eeve ope Real Score t-Value
quation
Tracked vehicle crew Ammunition stowing I 298 +1.21 3.20 +£1.32 1.190
jacket Boarding 2.63 + 0.66 2.50 +1.27 —0.424
Militarv winter iacket Ammunition stowing I 3.38 = 0.63 3.53 £ 0.64 -1.121
y J Boarding 2854052  3204+094  —2.367

Values are mean + SD.

To verify the reliability of the repeated measurement of the estimation formula, the
motion suitability results for the tracked vehicle crew jackets were applied to 10 soldiers
who participated in the same experiment, and the results were compared (Table 9). There
was no significant difference between the values calculated from the real evaluation scores
evaluated in the first and second tests at the level of p < 0.05; therefore, the repeated
measurement of the estimation formula is reliable.

Table 9. Differences in values calculated of the estimation formula according to the test (1 = 10).

Developed Equation
Motion t-Value
1st Test 2nd Test
Ammunition stowing I 298 +£1.21 295+ 1.07 0.048
Boarding 2.63 £+ 0.66 2.68 £0.78 —0.136

Values are mean =+ SD.

4. Discussion

The estimation formula of this study was developed based on the results of a motion
suitability evaluation conducted on a tracked vehicle crew on active duty while performing
a mission on an actual tracked vehicle. A total of nine general motions and 12 mission mo-
tions were included in the evaluation of the motion suitability of tracked vehicle crews [11].
All mission motions seemed to be different motions, but each of them was related to the
other. The results of a correlation analysis conducted to investigate the characteristics
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and correlation of mission motion showed that boarding was highly correlated with other
motions performed in a narrow space, such as seating, escaping, getting off, driving I,
driving II, and maintenance (p < 0.05, p < 0.01, p < 0.001). Ammunition stowing I was highly
related to seating and maintenance but showed the highest correlation with ammunition
stowing II (r = 0.829). Ammunition loading motion carried out in pairs and motions, such
as raising and receiving ammunitions, was performed simultaneously. Thus, these mo-
tions are correlated, including bending motions. These results suggest that actions can be
grouped according to the similarity of the mission motion, and alternative evaluations may
be conducted using representative motions that are highly correlated with other motions.

As a result of the factor analysis, two mission motion factors were extracted from a
total of 12 mission motions used to evaluate the motion suitability of the tracked vehicle
crew. These motions are related to ammunition loading using the shoulder and trunk joints
(Factor 1), as well as boarding and entering the vehicle using the trunk joint (Factor 2).
These two factors had high explanatory power, accounting for 95.01% of the mission
motions. This means that the overall mission motion suitability evaluation for a tracked
vehicle crew can be explained using these two factors as representative mission motions.

The estimation formula for the two factors developed in this study was based on the
correlation between the mission motion and general motion. Ammunition stowing I and
ammunition stowing II were highly positively correlated with the stand erect, shoulder
flexion 180°, shoulder extension, horizontal shoulder adduction 90°, and trunk flexion
(p < 0.001). Boarding and entry were correlated with trunk flexion (p < 0.01). This means
that it is possible to evaluate the mission motion suitability of a tracked vehicle crew jacket
through the performance of five general motions. Furthermore, ammunition stowing mo-
tion must be performed by at least three crew members in the mission protocol. However,
when evaluating general motion, it can be performed individually and may be evaluated
without time and space restrictions.

In this study, four equations were derived through a multiple linear regression analysis
in which general motions with a correlation of 0.4 or more served as the independent
variable (p < 0.01, p < 0.001). However, we suggested a final estimation formula for
ammunition stowing I and boarding motions, which had loading factors as high as 0.975
and 0.962, respectively. Furthermore, we used the estimation equation with the highest
explanatory power (R?) as a representative estimation formula for evaluating the mission
motion suitability of the tracked vehicle crew jacket.

Furthermore, regarding the results of the final estimation formula application, there
was no difference between the values calculated using the estimation formula and the
real scores of mission suitability evaluation at the level of p < 0.05. Moreover, repeated
measures analysis showed that there was no significant difference in the results of the
estimation formula at the level of p < 0.05. Therefore, the estimation formula was valid
and reliable.

Since all motions require the performance of several consecutive motions, the devel-
opment of clothes should be taken into consideration for joint use for a specific motion
rather than considering all motions for ease of measurement and accuracy. However, in
order to obtain accurate motion suitability evaluation results for clothes jamming due to
structures during boarding and entry, it is necessary to reproduce the hatch environment,
which consists of a 2 m high deck with steps and a narrow passage that is 0.5 m wide.
Nevertheless, the efficiency of clothing development can be improved even when only the
general motion is considered, instead of evaluating the mission motion suitability of the
tracked vehicle crew jacket.

5. Conclusions

In this paper, we proposed an estimation formula to predict mission motion suitability
for the main mission of tracked vehicle crew members. The results of this study have
important implications for the effectiveness of jacket evaluation for tracked vehicle crew
members. The estimation formula for mission motion suitability was proposed using the
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five general motions commonly used in the evaluation of jackets, and this formula can be
used instead of the mission motion protocol to save time and money. Furthermore, the
findings of this study are worthwhile because motion suitability evaluation to develop an
estimation formula was conducted on actual tracked vehicle crew members on active duty
who performed the main mission on the actual tracked vehicle. However, the estimation
formula for motion suitability evaluation is limited to jackets worn inside a tracked vehicle.
Future studies should perform an additional analysis to evaluate different types of military
uniforms for tracked vehicle crew members.
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