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Abstract: To address the problem of low quantification degree of the data provided by the exist-
ing delicate operation capability evaluation equipment in the pilot selection, an evaluation method
for upper limb delicate operation was proposed, and an exemplary evaluation device with variable
load based on servo motor was developed. Firstly, the experimental apparatus for 2-DOF joystick
operation was designed, and the control system platform was built. Next, the test paradigm of
left and right position operation was designed based on the variable load characteristics of the ser-
vo motor. Finally, the characteristic values such as standard left-right deviation, mean differ-
ence, and range were extracted from the experimental results to evaluate the delicate operation

capability and verify the effectiveness of the evaluation method. The proposed method was used
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for verification by grouping the pilot participants. The results showed that the delicate operation

capability was significantly different among the groups with varying flying skills. The higher the

flying capability level, the better the performance. Under other load conditions, no significant

difference was found in the delicate operation capability of the members in the group. It is proved

that the evaluation method and device proposed in this study can better evaluate the operator’s

delicate operation capability and provide a quantitative basis for pilot selection and training.
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Fig. 1 Fine motor ability assessment system
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Fig. 2 Structure of two degrees joystick
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Fig. 3 Control system of fine motor ability evaluation system
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Fig. 4 Experimental facility for fine motor ability assessment
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Table 2 Manipulation test groups of volunteers
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Fig. 5 Software interface of fine motor ability evaluation

system
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Fig. 6 Single fine motor test results
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Table 3 Pair comparison of eigenvalues between groups in X
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Fig. 7 Eigenvalue average results in X axis
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Fig. 9 Eigenvalue average results in Y axis
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Table 6 The effect of load on performance in Y axis with

significant difference

CEYE AR 1EE)
WE A IR fmm
fI% h =
T E 3.80% 4,49+ 4.74% ;
B 3.3250.041"
PR 22 1.40  1.49  1.44

R 6 AT, A C 4T 0 & ARk 22 7E AR
FEG A TS RAREMEZER P=0.041<
0. 05, HoAth /N A FRAE (B 38 K B LA R 3 4 F
Y 5 22 5

3 45 8B

AT 58 IR B 98 1 A 2 S B R 7
BOORNE TR AR AR BE 1 PP AL, OF 75 A0 5 1 98 5




o506 1

SRR, A5 AN R GUART AT GURS A RAT BE DI 5 Tk 5 SRR 45

P77 AR ORSES O b T W 9 P A R A T A
SCHE L AT R RS A R R 0 I S RE A B
M DT 48R 3 B RS 20 45 1 BB 0 6 AT SE N B Y 1B 4k
ABHNZSHE L, NRGECT % 5256 4 10 #RAE S
(TS -2 A SR i 4 DA e i A D)
Vi BE VN Gk B0 A7 80T BE R AR SR N B I 2R A5 B
A B SR

2 AT LR SR A RN 2 A 3 IR S 56 R

AT R A TR P 3 A 2 S A LA R S R A
AT EMG J3 47« LIRS 48 45 2R AR O Sk, 540
SE B TP IR BE 1 B9 WL B R O 32 D e A
TRV B 45 S )N R 42 41 00 SR At

S E k.

(1]

(2]

(3]

[4]

[5]

L6]

SR, R, EEE, S AN S HRER D
Xof LA A0 AT 55 B S AR B2 [T, dA
iR, 2022, 28(1): 47-54.

ZHU Shupei, TANG Weicai, WANG Duming. et al.
Influence of basic cognition and operation abilities on
performance and human error in manipulator fine doc-
king [J]. Manned Spaceflight, 2022, 28(1) . 47-54.
BT, P, 26 AT AL AT D10 B e 4RO
W ER R [T] Bk SR, 2019, 35(7): 990-
994.

ZHAO Houyu, SHEN Xinghua. Inspiration of psy-
chological selection of US navy carrier aircraft pilots to
Chinese Navy [J]. Occupation and Health, 2019, 35
(7): 990-994.

igEss, RWV. KA. AL RAT R
R A T R FR B SR A BT B TR R DI 25 X O
wrge (1) P EAEERL, 2019, 55(8): 26-29

XU Hailiang, WU Haiping, ZHANG Shaoyong. Re-
search on the analysis of specific physical quality de-
mand and physical fitness training countermeasures of
shipboard fighter pilots taking-off and landing []].
China Sport Science and Technology. 2019, 55(8):
26-29.

CAREY D P. Eye-hand coordination: eye to hand or
hand to eye? [J]. Current Biology, 2000, 10 (11):
R416-R419.

TANG Weicai, XIAO Yi, XU Fenggang, et al. Devel-
opment and application of test software of fine opera-
tion ability of directional motion [ CJ//Man-Machine-
Environment System Engineering. Singapore: Springer
Singapore, 2019: 339-346.

ZEFETE WA, A, S LERMER T KR
LGl BT R [T]. B2 AR . 2002, 34(5)

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

http: // zkxb. xjtu. edu. cn

494-499,
LI Beilei, LIN Lei, DONG Qi, et al. The development
of fine motors and their relations to children’s academ-
ic achievement [J]. Acta Psychologica Sinica, 2002,
34(5): 494-499.

FEARIUE, M %, RN, SF. RS 4 R AR AR 0 Il 7 vk
WA SR [T]. BAMK, 2021, 27(2): 227-233.
TANG Weicai, XIAO Yi, XU Fenggang, et al. De-
sign and application of fine operation ability test [J].
Manned Spaceflight, 2021, 27(2): 227-233.

FITTS P M. The information capacity of the human mo-
tor system in controlling the amplitude of movement [J].
Journal of Experimental Psychology, 1954, 47 (6):
381-391.

T L4, BT Fius SRR 338 M rER 2 /9 A8 ¢
PERFSE [D]. K% KREB TR, 2020

WMewR, SmeAR, skikde, S JET O K AT
i 25 0 2% 1) 20 25 ) 25 2 B0 LA AR A O vk [T, T
383 KA AL 2022, 56(9) : 142-150.

WEI Pengna, MA Pengcheng, ZHANG Jinhua, et al.
EEG and sEMG decoding of gait spatiotemporal param-
eters based on bidirectional long short-term memory
neural network [J]. Journal of Xi’an Jiaotong Univer-
sity, 2022, 56(9): 142-150.

B EIF. BAENT AR M EE R Ge IR [T,
T E AR, 2012, 32(15): 3348-3349

ZHAO Wangfang. Research progress of fine motor
control in the elderly [J]. Chinese Journal of Gerontol-
ogy. 2012, 32(15) ; 3348-3349.

AL BT AR RO A MR AR RS Al 43 28 B v A
ARG (D] V4% o ERE B KA Ch B R B 7Y 42
JEFR EHLMAT I AT . 2020.

HEER, et ik, F OB MRS
WTF AR AT D0, WAL R 5 & . 2014, 24(12):
180-182, 187.

HUI Duoduo, LI Xiaojing, ZHI Hong, et al. Devel-
opment and application of psychomotor ability test sys-
tem [J].
2014, 24(12). 180-182, 187.

B . 0Bz F R ) TR RO RAT B B b i N F
5t [D]. P% . SHIZEEKY, 2013
SANO T, TAKEDA M, NAMBU 1, et al.

Computer Technology and Development,

Relations
between speed-accuracy trade-off and muscle synergy
in isometric contraction tasks [C]//2020 42nd Annual
International Conference of the IEEE Engineering in
Medicine &. Biology Society (EMBC). Piscataway,
NJ, USA: IEEE, 2020: 4803-4806.

KOJIMA S, TAKEDA M, NAMBU 1, et al. Rela-




46 [ T I N 4 o557 %
tions between required accuracy and muscle synergy in (217 Whschb., msh#R 9N 17 R G0 25 40 1 Ak B2 g B A 0L 5%
isometric contraction tasks [C]//2017 IEEE Interna- [D]. FA/R¥E . ME/RIEE Tl K4, 2020.
tional Conference on Systems, Man, and Cybernetics [22] BRE ., WpilE5c, 8, 5. HIFHL QAT L% 8 A
(SMC). Piscataway, NJ, USA: IEEE, 2017: 1191- BHm ARG [J]. 205 A %M, 2019, 31
1195. (11). 2408-2412.

CL7] JEARIE, B, BRI, 5. RS 240 48 4 fig ) 0 J7 CHEN Zhen, YANG Haikuan, JIANG Nan, et al.
Wit S [T, ALK, 2021, 27(2) . 227-233. Design of universal control load system of helicopter
TANG Weicai, XIAO Yi, XU Fenggang, et al. De- flight simulator [J]. Journal of System Simulation,
sign and application of fine operation ability test [J]. 2019, 31(11): 2408-2412.

Manned Spaceflight, 2021, 27(2); 227-233. [23] WET., B, sk¥R. WITESH oo EESsS

(18] #R7K3E, LW, MM, 5. HL3h AT o 80 9 Bt AR X T AR Ph M 38 B SRR g (1], T RE 2%
FEAL B RAT B4 1 2R W ) # A 5E [T]. R HES¥TA, 2016, 29(5): 372-375.

BE S EEA TR, 2014, 27(4); 286-290. LEI Huanyu, LU Chuang, ZHANG Xuemin. Influ-
DU Chengfei, WANG Lizhen, LIU Songyang, et al. ence of speed and amount of distractors on eye-hand
A biomechanical study on impact of position of flight coordination in a flying task [J]. Space Medicine &
control stick on operation efficiency in flight maneuve- Medical Engineering, 2016, 29(5) . 372-375.

ring acceleration [J]. Space Medicine & Medical Engi- [24] ZHAO Kunkun, WEN Haiying, ZHANG Zhisheng,
neering, 2014, 27(4) . 286-290. et al. Evaluation of methods for the extraction of spa-

[19] ®XH#, HIES, LN, 2. RATHEPIES I &R tial muscle synergies [J]. Frontiers in Neuroscience,
GEN K R R B R (T, P A AR OR AR AR, 2022, 16: 732156,

2012, 46(4): 38-44. [25] Eifg. WP, 288, &5 RAXRMIEARE 5 FHHEx

[20]

ZHAO Jinsong, YE Zhengmao., SHEN Gang. et al.
Inverse model control for inner loop of control loading
system on flight simulator [J]. Journal of Xi’an Jiao-
tong University, 2012, 46(4): 38-44.
B TRAT AL A R B A A ) R A LA K B T
5t [D]. Kt PERATKE, 2015.

http: // zkxb. xjtu. edu. cn

R AR RN O [, P S
56(8): 160-167.
WANG Hai, TAO Qing, SU Na, et al.

Kegsedi, 2022,

Method for
accurate sensing of finger joint angles using surface
electromyography signals [ J]. Journal of Xi’an Jiao-
tong University, 2022, 56(8): 160-167.

(i M AFA)




