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Abstract: When the collimator is placed horizontally and installed obliquely, its optical parameters will be
greatly different due to different stress states. In order to accurately evaluate the focal length of collimator,

according to the mapping relationship between the point on the focal plane of the collimator and the angle of the
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total station, an accurate mathematical model of the relationship between the focal length and the angle of the total
station under the condition of oblique installation is established, the principle projection error caused by the
rotation of the vertical axis of the total station is corrected. Several groups of data are collected by total station and
experimental verification is carried out. After correcting the distortion, the focal length calculated by each testing
point when the line segment is parallel to the vertical wire are 1 980.03 mm, 1 983.45 mm, 1 982.79 mm, the
average focal length, i.e. the true value, is 1 982.09 mm. When the distortion is corrected but the projection error
is not corrected, the focal length calculated from each testing point when the line segment is parallel to the
horizontal wire of the reticle is 996.42 mm, 995.23 mm, 995.22 mm, the relative error of the average focal length
is 50.2%. The range of focal length calculated by each testing point when the line segment is located in different
quadrants and parallel to the horizontal wire of the reticle is 4.74 mm after correcting the projection error and
distortion, the average focal length of all testing points is 1982.69 mm, the difference between the average value
and the true value is 0.6 mm. The maximum relative error between the extended uncertainty of the focal length
calculated by different testing point and the true value of the focal length is 0.36%. This value is far less than the
stipulation in GB/T 9917.1-2002 that the relative error between the measured focal length and the nominal focal
length in the photographic lens does not exceed +5%. The experimental results show that the model has
universality and high accuracy, the phase of the target slit in the reticle is allowed to be a random value, there is
no need to adjust the slit to be strictly parallel to the vertical wire of the total station, the model has great

engineering application value for the in-situ detection of the focal length of the collimator under the condition of

oblique installation.

Key words: focal length;  distortion;
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Fig.1 Schematic diagram of focal length calibration based on precision goniometry
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Fig.2 Schematic diagram of focal length calibration under inclined

installation
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Tab.1 Process data when the N;, NN; is located in different quadrants and parallel to the horizontal and vertical

wire of the reticle (Unit: rad)

Imaging area of Ni,N3

Points to be measured

First Second Third Fourth Coincidence with the Coincidence with the
quadrant quadrant quadrant quadrant horizontal wire vertical wire

LA, 0 0 0 0 0 0

LE, 1.044524 1.044598 1.044 626 1.044 598 1.044621 1.044 580
M /A 0.000625 0.000568 0.002 066 0.002 547 0.002935 0

/E 1.045966 1.046 047 1.043576 1.043 868 1.044611 1.046 057

LA, 0 0 0 0 0 0

LE, 1.044524 1.044598 1.044 626 1.044 598 1.044621 1.044 580
N /A 0.001348 0.001277 0.004519 0.005625 0.006489 0

/E 1.047709 1.047788 1.042299 1.042988 1.044615 1.047836

LA, 0 0 0 0 0 0

LE, 1.044524 1.044598 1.044 626 1.044 598 1.044621 1.044 580
N /A 0.002003 0.001749 0.006530 0.008002 0.009276 0

LE 1.049068 1.049175 1.041322 1.042263 1.044 620 1.049236

Wr BAL, AT A eSS R R A 0.19 #L3%
b Z G W AR R 0.02%, % AH 7] 2%, 0.44 J% 0.63 1L

3 HELEBEELRBEESN

3.1 HiEabiE

W R BEN NI T AN R G BR K 5 43 Al
VAT T REEMILE,, 1A(53 LA, = 0, LA - LA, = LA),
(EfRALS I (5) AT A8 IR F R 1R 22 I 1 AT 648
FEHE, AR R FEIE W 2 Bk . 2 2 W] A,
Z PR 258 1E 5 b [7) 45 05X as e B 1 4 B A K 22
B0 4.41 mm, P3SN, B EFEF{E R 1982.19 mm,
W 3 (5 R 4.40 mm, T3 05 NG B R OF B (N
2009.94 mm, JEBHE N 3.39 mm, I 5N, FEFE 14
{4 2039.15 mm, P& SN {E N 3.79 mm. £ A 1
S B AR HE B R 2 S R o WS 5 A SR AR 25 T
.o AT I N 15 mm, WIN, 5472 T 0.19 #13
PLEAL, NoSAALT 0.44 500 AL, Nosi AT 0.63 1

Ab 22 G AR 43 ) R —1.3% F1—2.8%, R 4 W A8 15 145
RXTON,. ON;IK EEHATIE IE EH LA AR 5) 1A
FEHE, N3 3R, WK A N, A B OF S8 (E AR
1983.81 mm, MRS N; AR R3Sy 1982.06 mm,
16 1 AR S5, 3K 5 N AN ) 2 B SF 34 £ 5 103K 5
N FE RS2 22 (8 43 50 8 1.62 mm F1-0.13 mm.

R T SRR R R 22 I AR AR AR IR 1 FL(E, MRS Ak
ASCT AR S 3, 2 27K Pttt 2 2647 04D 7 o) %) 3 32000
I ANEER R 2, e nr DURI 36 1 R 2R B
Ny, No5 50Tl W 158 22 3747 s 10 ot R 50000 ik 2 B A
S BAER B UE AL (Y IE B, SRR A, AP
1 wis LA2|LE, — LEWCHE , fe Ml 530 1 A BE (B 4N 3% 4
B o

R2 BERPBREREZR N M AUTFARSRE S HRELFITHOEREREER (B 2X)
Tab.2 Focal length when the N;, N; is located in different quadrants and parallel to the horizontal wire of the

reticle after correcting the projection error (Unit: mm)

Imaging area of Nj, N3

Points to be measured

First quadrant Second quadrant Third quadrant Fourth quadrant Coincidence with the horizontal wire

Np 1981.77 1980.37 1980.24 1984.65 1983.93
N> 2009.70 2011.13 2011.01 2010.13 2007.73
N3 2041.14 2038.21 2037.35 2040.33 2038.74
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Tab.3 Focal length of different testing points after correcting the projection error and distortion (Unit: mm)

The imaging area of Nj, N3

Points to be measured

First quadrant Second quadrant Third quadrant Fourth quadrant Coincidence with the horizontal wire
Ny 1981.77 1980.37 1980.24 1984.65 1983.93
N> 1983.58 1984.98 1984.86 1984.00 1981.63
N3 1983.99 1981.14 1980.31 1983.20 1981.66

R R oW AN AN NS S 1l )
996.42, 995.23, 995.22 mm, £ i V- ¥ 5 B Az 2%
4 986.47 mm, AT R ZE K 50.2%.
3.2 FRAEESH

A3 (5) i

R4 LR N, N, SANRSLEITHNEERES
R EA: =K
Tab.4 Focal length when the N;, N; is parallel to the

vertical wire of the reticle (Unit: mm)

Points to be measured Coincidence with the vertical wire
ON, X (tan ZE sin ZE, tan /A + cos ZE,sin ZA) = «

N 1980.03

N 2009.58 [(sin ZAtan ZA)* + (tan ZA tan ZE cos ZE,—
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Tab.5 Focal length when the N;, N; is parallel to the

,% tan /A cos Z/E,
cos2/E (8)

of _of oo Of OB

horizontal wire of the reticle with correcting the ay

distortion (Unit: mm)

Points to be measured Coincidence with the horizontal wire = — + = =
0/E, OadlE, 0OBILE,
Ny 996.42
N, 995.23 BON, (tan LAtan LE cos LE, —sin ZAsin ZE,) +
3 . .
N 995.22 ay 2£¢(tan /Atan LEsin LE, — cos LE, sin LA) 9
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Tab.6 Extended uncertainty of focal length (Unit: mm)

Extended uncertainty

Points to be measured

Coincidence with the ~ Coincidence with the

First quadrant ~ Second quadrant  Third quadrant ~ Fourth quadrant horizontal wire vertical wire
Ny 7.33 7.35 5.58 4.26 2.39 1.36
N> 3.33 3.34 2.55 1.93 1.08 0.60
N3 2.33 2.33 1.76 1.36 0.76 0.42
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