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Abstract With the development of large-scale spectral surveys, fiber positioning technology has been

developing rapidly. Because of the performance advantages of a four-quadrant (4Q) detector, a fiber

positioning and real-time monitoring system based on the 4Q detector is proposed. The detection accu-

racy of this system is directly determined by the precision of the center of the spot. A Gaussian fitting

algorithm based on the 4Q detector is studied and applied in the fiber positioning process to improve the

calculated accuracy of the spot center. The relationship between the center position of the incident spot

and the detector output signal is deduced. An experimental platform is built to complete the simulated

experiment. Then we use the Gaussian fitting method to process experimental data, compare the fitting

value with the theoretical one and calculate the corresponding error.
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1 INTRODUCTION

Optical fiber technology has been widely used in the field

of astronomical telescopes since optical fibers were first

attached to telescopes in the 1980s. Due to their long

distance transmission, ability to collect light in a useful

range of diameters and flexible spatial arrangement, opti-

cal fiber technology can separate the terminal instrument

from the focal plane of the telescope. These attributes

greatly improve spectral acquisition rate and make large-

scale astronomical spectroscopic surveys possible.

Large-scale astronomical spectroscopic surveys

(Zhao 2014) (e.g., 2dF, 6dF, RAVE, SDSS, LAMOST

and Gaia) have represented breakthroughs in astronom-

ical observation technology by acquiring more abun-

dant information on celestial bodies, which imaging sur-

veys cannot provide. These efforts have obtained spec-

tra of tens of millions of celestial bodies. The 2dF (2-

degree Field Galaxy Redshift Survey) conducted by the

Anglo-Australian Observatory, SDSS (Sloan Digital Sky

Survey) based in the United States and LAMOST (Large

⋆ Corresponding author.

Sky-Area Multi-Object Fiber Spectroscopic Telescope)

headquartered in China (Cui et al. 2012) are three famous

spectral survey projects.

An optical fiber positioning system is one of the key

technologies in survey telescopes, which directly affect

the observation efficiency and quality. 2dF adopts mag-

netic button positioning (McGrath et al. 2008), in which

the light path turns 90◦ into the incident optical fiber

through a small prism. A small magnet is placed beneath

the prism and is attracted to the iron-based focal plane

substrate by a robot and the fiber is lying on the focal

plane redirecting the incident light into a spectrometer.

As for the SDSS digital survey project, its optical fiber

positioning relies on drilling holes in an about 500 mm

aluminum plate according to pre-set coordinates (Smith

et al. 2004), which are based on converting celestial co-

ordinates to the focal plane plate. LAMOST adopts a

parallel controllable fiber positioning technique. Four-

thousand fiber positioning units are accommodated on

the focal plane with a distance of 25.6 mm between them.

Each unit drives a fiber moving in a circle 33 mm in di-

ameter. The unit is driven by two stepper motors going
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through a double rotation movement. The maximum po-

sitioning error is 40 microns (Xing et al. 1997). In the

motion process, the receiving end of an optical fiber does

not generate deflection with respect to the optical axis of

the telescope by always moving in the focal plane of the

telescope without defocusing. The current optical fiber

positioning system does not have a real-time monitoring

and feedback system.

The four-quadrant (4Q) detector is a position sen-

sitive instrument with wide dynamic and spectral ranges,

high sensitivity, a fast response and small volume, as well

as other advantageous characteristics. It is mainly used

to capture, align and track a spot. With optimized perfor-

mance of the 4Q detector, fiber positioning that incorpo-

rates a real-time monitoring system based on the 4Q de-

tector is proposed. As celestial bodies that are targets of

astronomical observation can be extremely dim, the de-

tection accuracy of a fiber positioning system is directly

determined by the accuracy of the spot center.

In this paper, a Gaussian fitting algorithm based on

the 4Q detector is proposed and applied to fiber posi-

tioning to improve the detection accuracy of the center

of the spot. First, it is necessary to model the relation-

ship between the center position of the incident point and

the output signal of the detector. Second, the associated

experimental platform will be setup by implementing a

Gaussian fitting method to deal with experimental data.

Finally, we compare the fitted value with the theoretical

one, and calculate the corresponding error. The results of

this paper can guide practical application of this method.

2 CALCULATION OF SPOT CENTER

The 4Q detector is composed of four identical photoelec-

tric detectors arranged in rectangular coordinates, sepa-

rated by a cross-shaped channel in the middle (Lin et al.

2009). As shown in Figure 1, with the center of the detec-

tor as the coordinate origin, the spot is divided into four

parts: A, B, C and D. In the following, O(x, y) represents

the center of the incident spot; r the radius; ∆x, ∆y off-

sets, I the corresponding quadrant of the output current;

E, S the corresponding output current of the quadrant.

The offset of the spot center can be determined through

processing the input of the photocurrent signal and spot

area (Feng & Deng 1996).

The centroid algorithm is used to calculate the cen-

ter position of the spot by the 4Q detector, and the spot

is generally modeled as a uniform distribution, Gaussian

distribution or Airy distribution (Zhou et al. 2008). In

fact, stars are approximated as point sources, which are

elliptical Gaussian spots in most circumstances (Zhao

et al. 2010).

In this paper, according to the working principle of

the 4Q detector and relevant properties of the spot, the

relationship between the output current and the spot area

is analyzed in detail, and the center of the spot can be

calculated.
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As the distance of the spot center from the origin is

very small, x and y are far less than the radius of the spot.

In the above formulas, respectively, apply an approxima-

tion
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, (C1)
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After the 4Q detector data are fed back to the com-

puter through the photoelectric position synthesis tester,

the output current of the four electrodes can be read, and

the center position of the spot can be directly obtained.
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Fig. 1 Diagram illustrating the principle of the 4Q detector.

3 GAUSSIAN FITTING METHOD FOR

CALCULATING THE SPOT CENTER WITH

THE 4Q DETECTOR

Methods for locating the spot center include the whole

pixel positioning algorithm and the sub-pixel position-

ing algorithm. The sub-pixel positioning algorithm can

be divided into an algorithm based on the edge and an

algorithm based on the gray (Shen 2009). Bigger targets

and those with gray boundaries obviously tend to use the

ellipse fitting method and the Hough transform method

based on the edge algorithm while smaller targets and

gray fuzzy boundaries use the gray-based center local-

ization algorithm, such as the barycenter method and the

Gaussian fitting method.

The energy distribution of the laser spot is approxi-

mately consistent with a two-dimensional Gaussian dis-

tribution (Li et al. 2000; Fu et al. 2004), that is the in-

tensity distribution follows a Gaussian function, and the

gray-level boundary is fuzzy in the cross-section perpen-

dicular to the beam. Therefore, the center of the spot is

determined by the Gaussian fitting method based on a

gray scale.

The 4Q detector and related software are used to

record and read the coordinates. If the coordinates of

points on the 4Q detector are (x, y), the corresponding

value of gray is f(x, y).

We assume that the gray-scale distribution of a spot

on the 4Q detector coincides with a two-dimensional

Gaussian function

f(x, y) =
A

2πσ2

exp

[

−
(x − x0)

2 + (y − y0)
2

2σ2

]

. (E)

In this expression, x0, y0 are the center of the

spot position; σ is the standard deviation of the two-

dimensional Gaussian function, which is related to de-

focus distance, object distance, focal length and so on. A

is an undetermined coefficient, related to the properties

of the spot. As can be seen from the above formula, the

peak position is the center of the spot. Taking the loga-

rithm of both sides of the above formula yields
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1
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Assume:

m = −
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2σ2
,
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σ2
,
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σ2
,
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x2

0
+ y2

0

2σ2
− ln
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After simplification, the original formula can be written

as

m(x2 + y2) + nx + py − q = ln f(x, y). (H)

Using the least squares principle, we solve the equa-

tion through a matrix transformation:

x0ave = −
nave

2mave

, (1)

y0ave = −
pave

2mave

. (2)

where (x0ave, y0ave) is the center position of the spot ob-

tained by using the Gaussian fitting method based on the

4Q detector.
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Fig. 2 The process of optical fiber positioning based on the 4Q detector.

Table 1 Raw Data Recorded by 4Q Detector

No. V (R − L) V (T − B) V (SUM) X Y

1 0.323 −0.326 0.287 6.491 −6.544

2 0.323 −0.329 0.288 6.488 −6.572

3 0.321 −0.346 0.281 6.568 −6.919

4 0.314 −0.326 0.296 6.249 −6.418

5 0.315 −0.316 0.308 6.087 −6.103

6 0.328 −0.347 0.285 6.611 −6.879

7 0.322 −0.338 0.281 6.575 −6.083

8 0.333 −0.322 0.287 6.634 −6.487

. . . . . . . . . . . . . . . . . .

400 0.325 −0.325 0.291 6.464 −6.474

Notes: This entire table is available in the online version of the journal

(http://www.raa-journal.org/docs/Supp/ms20160260Table1.doc)

4 EXPERIMENT AND ANALYSIS

4.1 Experimental Data

In a laboratory, an He-Ne laser is used to generate a star

spot in the focal plane of the telescope. The spot is inci-

dent to the 4Q detector surface and the signal is transmit-

ted to the optical fiber. Meanwhile, the signal is received

by the signal receiving device. At the same time, the sig-

nal receiving device processes the signal generated by

the detector, as shown in Figure 2. The experimental data

are further processed and the effective gray information

is extracted for Gaussian fitting to determine the center

of the laser spot and provide necessary information for

optical fiber positioning.

The unit used for 4Q detector position coordinates is

millimeters. The raw data recorded by the 4Q detector are

shown in Table 1. V (R−L) is right to left intensity value

of the 4Q detector, V (T − B) the corresponding top to

bottom value and V (SUM) their total relative intensity.

X and Y are the instantaneous coordinates of the spot

center considering the laser spot size and 4Q zero offset.

In order to facilitate data processing and further reduce

error, position coordinates of the detector are subdivided,

using microns as the basic unit of data processing.

4.2 Data Dnalysis

In order to further validate accuracy of the Gaussian

fitting method based on the 4Q detector, we caculate

the error under the following condition. The sampling

frequency parameters are as follows: 2.5 kHz, sampling

range: ±1 V, laser size: 4 mm; 4Q zero offset: (2 mm,

−2 mm). Using MATLAB and Excel, we calculate the

theoretical value and the Gaussian fitting value (unit:

µm) of the center of the spot (see Table 2). The relative

intensity associated with the change in spot coordinate is

shown in Figure 3.

For the LAMOST telescope, 4000 fibers are placed

at a radius of curvature of 20 m, with a 1.75 m diame-

ter spherical focal panel, which is a separated position-
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Fig. 3 The change of the relative intensity of light spot with the coordinate.

Table 2 Results of the Two Methods and Their Absolute Errors

Theoretical value Gaussian fitting Absolute errors

x0 y0 x0 y0 ∆x0 ∆y0

255.6 −279.1 244.4 −269.0 11.2 10.1

ing system, equidistantly spaced at 25.6 mm on the fo-

cal plane. Each unit positions a fiber over a range of

of 33 mm. The incident end of the fiber must be able

to achieve rapid and accurate positioning without blind

spots on the surface of the focal plane. Therefore, the

calculation accuracy of the algorithm should be bet-

ter than 40 µm to satisfy the engineering requirements.

Considering the actual tolerance distribution, they should

be better than 20 µm to fully meet the real needs.

By analyzing the data in Table 2, it can be seen that

the center position with the Gaussian fitting method of

the spot exactly matches the theoretical value, which sat-

isfies requirements for the LAMOST telescope in terms

of positioning error.

5 CONCLUSIONS

In this paper, a Gaussian fitting method based on the 4Q

detector is proposed. In addition, by applying the theory

describing the relationship between coordinates of the

spot center and 4Q detector input signals, an experimen-

tal platform was simulated, and position of the spot cen-

ter was fitted. Compared with the existing fiber position-

ing method, it has the following advantages: acquiring

data quickly and accurately, real-time monitoring feed-

back, high precision, good stability and easy operation.

In the future, this technology can be efficiently imple-

mented in the LAMOST telescope spherical focal panel

fiber positioning system.
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