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Abstract: The bending angle of the finger joints when the doctor twists a guidewire is a key factor affecting the success of
vascular intervention. The position and the orientation of the doctor’s hand in the process of advancing the guidewire is also
important during vascular intervention. A recognition method of bending angle of the finger joints is proposed with a fiber-optic
data glove in this paper through the analysis of the human phalanges and the law of finger joints. The mapping relationship
between the bending angle of finger joints and the output of the data glove is established. According to this method, the problem
that the output of the data glove is not clear is solved. The experiments for recognizing bending angle of finger joints was carried
out to verify the effectiveness of the method. The traditional data glove was improved by introducing a 6-DOF electromagnetic
tracking sensor. Combining with an electromagnetic tracking system, the position of the doctor’s hand was obtained during the
process of vascular intervention. The tracking performance of the improved data glove was evaluated by tracking the guidewire
advancement experiments and the tracking error was analyzed in this paper.
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3: OAB0

OAB1 OAB2......OABn θ1 θ2......θn

Δθ Δkθ
1

Δθ = f(Δkθ) (1)

θ0 k0
θ

kθ Δθ

Δk 2 3

Δθ = θ − θ0 (2)

Δkθ = kθ − k0 (3)

N

i

θ1,i θn,i θi =

{θ1,i, θ2,i, ..., θn,i} 2 Δθi
= {Δθ1,i,Δθ2,i, ...,Δθn,i}

kθ1,i kθn,i
ki = {kθ1,i , kθ2,i , ..., kθn,i

}
3 Δkθi = {Δkθ1,i ,Δkθ2,i , ...,Δkθn,i}

Δθi Δkθi
4

Δθ = fi(Δkθ) (4)

N 5

f(Δkθ) =
1

N

N∑
i=1

fi(Δkθ) (5)

1 ≤ i ≤ N

1 5

Δθ =
1

N

N∑
i=1

fi(Δkθ) (6)

Δθ 6

3

5DT

3.1
NDI Aurora

Aurora, Northern Digital Inc., Canada

EM Transmitter EM Sensor

Processing Unit 4 5

600 × 420 × 480 mm
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4: a 6-DOF NDI b 5-DOF

NDI

5: Aurora

4

4.1
NDI

600 × 400 × 200 mm

Y

3×600 mm

5-DOF 4 b

5-DOF 20 mm

5-DOF

7

Quadcore Intel Core i7-2600 PC

20 Hz

4.2
4.2.1

θ0 = 0

10◦

10◦

9

θ = 90◦ n = 9 θ = {10◦, 20◦, ..., 90◦} Δθ =

{10◦, 20◦, ..., 90◦} Δkθ = {Δk10◦ ,Δk20◦ , ...,Δk90◦}
5 N = 5 2

Δθ Δkθ

6: 6-DOF NDI 5DT

7:

fi(Δkθ) Δθ= f(Δkθ)

8 5 Δθ-Δkθ
Δθ-Δkθ

Δθ =− 1.81× 10−10Δk4θ + 4.39× 10−7Δk3θ

− 3.13× 10−4Δk2θ + 0.13Δkθ + 0.83 (7)

4.2.2

Δkθ = {100, 200, ..., 1000}
Δθ = {Δθ1,Δθ2, ...,Δθm}

M j Δθ =

{Δθ1,j ,Δθ2,j ...,Δθm,j} 6

Δθ∗ = {Δθ∗1 ,Δθ∗2 ...,Δθ∗m}

RMSi =

√√√√ 1

M

M∑
j=1

(Δθi,j −Δθ∗i )2 (8)

1 ≤ i ≤ m 1 ≤ j ≤ M m = 10 M = 5

9

5 8

RMS8 = 2.95◦
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1: 5DT

ā (mm/s2) Δs (mm) Δt (s) v̄ (mm/s) δmax (mm) tδmax (s) μ (mm) σ (mm)

41.82 31.29 1.66 48.85 3.72 0.87 2.58 1.81

0 131.91 1.90 69.42 2.46 3.45 1.44 1.03

-55.10 38.78 1.26 30.78 4.61 3.88 2.97 2.56

8:

9:

RMS7 = 2.14◦

4.3

6-DOF

shand
5-DOF

sguidewire 6-DOF

shand
sguidewire

shand sguidewire

ν (ν > 0) ŝ

sguidewire

sguidewire = νshand + ŝ (9)

20

ν = 1.028, ŝ = 0.035 mm

6-DOF

shand = {sh,1, sh,2, sh,3, ..., sh,N},

9 s∗guidewire

= {s∗g,1, s∗g,2, s∗g,3, ..., s∗g,N} s∗g,1
s∗g,N

N 5-DOF

sguidewire = {sg,1, sg,2,

sg,3, ..., sg,N} sg,1
sg,N

10

11 12

δi = |s∗g,i − sg,i| (10)

μ =
N∑
i=1

(|s∗g,i − sg,i|) (11)

σ =

√√√√ 1

N

N∑
i=1

(s∗g,i − sg,i)2 (12)

200 mm

200 mm

10

1.66 s

ā = 41.82 mm/s2 Δs = 31.29

mm δmax = 3.72 mm

tδmax = 0.87 s 1.90 s

Δs = 131.91 mm v =

69.42 mm/s tδmax
= 3.45 s

δmax = 2.46 mm

69.42 mm/s 0 Δt = 1.26 s

ā = -55.10 mm/s2 tδmax =

3.88 s δmax = 4.61 mm 1

Kruskal-

Wallis

11

p = 0.8277 11
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