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Abstract

Three-dimensional registration is a process of matching data with or without a coordinate system to a reference
coordinate system, which is used in various fields such as the absolute orientation of photogrammetry and data
combining for producing precise road maps. Three-dimensional registration is divided into a method using points
and a method using linear features. In the case of using points, it is difficult to find the same conjugate point when
having different spatial resolutions. On the other hand, the use of linear feature has the advantage that the three-
dimensional registration is possible by using not only the case where the spatial resolution is different but also
the conjugate linear feature that is not the same starting point and ending point in point cloud type data. In this
study, we proposed a method to determine the scale and the three-dimensional translation after determining the
three-dimensional rotation angle between two data using quaternion to perform three-dimensional registration
using linear features. For the verification of the proposed method, three-dimensional registration was performed
using the linear features constructed an indoor and the linear features acquired through the terrestrial mobile
mapping system in an outdoor environment. The experimental results showed that the mean square root error was
0.001054m and 0.000936m, respectively, when the scale was fixed and if not fixed, using indoor data. The results
of the three-dimensional transformation in the 500m section using outdoor data showed that the mean square root
error was 0.09412m when the six linear features were used, and the accuracy for producing precision maps was
satisfied. In addition, in the experiment where the number of linear features was changed, it was found that nine
linear features were sufficient for high-precision 3D transformation through almost no change in the root mean
square error even when nine linear features or more linear features were used.

Keywords : Three-dimensional Transformation, Linear Feature, Quaternion, Terrestrial Mobile Mapping
System, Absolute orientation, Precise Road Map
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Fig. 4. Extracted lines and check points
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Table 1. Linear features extracted from reference data using total station

Reference
Start Point End Point
ID X, (m) Y, (m) Zy (m) X, (m) Y, (m) Zy (m)
Lo1 -2.612 0.495 -2.590 2752 0.509 -3.418
Lo2 -2.509 0.683 -4.194 -2.504 0.033 -4.195
Lo03 0.013 0.757 -4.628 -0.006 0.148 -4.621
Lo04 2.536 0.781 -5.050 2.542 0.029 -5.049
L05 2.848 0.576 -4.144 2.990 0.592 -3.314
L06 -0.441 1.286 -3.448 0.756 1.285 -3.578
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Table 2. Linear features extracted from model data using total station

Model
Start Point End Point
1D Ty (m) Y (m) Z (m) Ty (M) Y (M) Zy (M)
LO01 -3.139 0.446 -4.078 -2.998 0.461 -4.908
L02 -2.512 0.635 -5.559 -2.506 -0.016 -5.558
Lo3 0.013 0.708 -5.135 -0.007 0.099 -5.134
Lo04 2.534 0.733 -4.701 2.540 -0.020 -4.696
L05 2.529 0.527 -3.740 2.390 0.543 -2.910
Lo6 -0.805 1.237 -4.168 0.367 1.237 -3.897
Table 3. Check points using total station
Reference Model
1D X, (m) Y, (m) Zy (M) Ty (m) Y () Z (m)
CP01 -2.679 0.502 -2.995 -3.070 0.454 -4.484
CP02 -2.524 0.391 -4.192 -2.526 0.342 -5.561
CP03 0.000 0.478 -4.626 0.000 0.429 -5.137
CP04 2.545 0.400 -5.050 2.542 0.351 -4.696
CPO05 2918 0.585 -3.729 2.460 0.536 -3.326
CP06 0.152 1.286 -3.493 -0.231 1.237 -4.017

Table 4. 3D registration parameters of indoor environment

Fixed scale Non-fixed scale

o 0.001095 0.000936

s 1.0 0.999544

w(”) -0.026042 -0.026042

(") 19.292909 19.292909

w(7) -0.002906 -0.002906

X (m) 1.697198 1.696457

Y, (m) 0.050607 0.050856

Z(m) 0.222002 0.220068
Table 40 4]
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Table 5. RMSE using check points for total station

Fixed scale Non-fixed scale
RMSE (m) 0.001054 0.000886
Error distance
(m) 0.001486 0.001398
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Table 6. Linear features extracted from reference data using terrestrial MMS data

Reference
Start Point End Point

1D X (m) Y, (m) 2 (m) X, (m) Y, (m) Zy (M)

Lo01 471347.432499 | 3966457.210510 97.552002 471349.434502 | 3966456.169495 97.602997
L02 | 471369.532501 | 3966429.286499 98.459000 471370.687500 | 3966432.741516 98.235001
LO03 | 471385.335503 | 3966427.169495 98.514999 471385.259499 | 3966427.060486 108.068001
L04 | 471421.377502 | 3966427.358521 99.196999 471421.573502 | 3966427.930481 99.185997
LO05 | 471288.628499 3966467451477 100.635002 471288.653501 | 3966467.452515 100.606003
LO06 | 471325428499 | 3966462.753479 96.735001 471330.344500 | 3966461.043518 96.931000
LO07 | 471379.328499 | 3966437.090515 98.315002 471384.056503 | 3966435.395508 98.422997
L08 | 471506.376495 | 3966402.901489 98.968002 471511.363495 | 3966401.835510 98.845001
L09 | 471293.166504 | 3966473.985474 95.441002 471288.295502 | 3966475.676514 95.242996
L10 | 471346.219498 | 3966453.559509 97.483002 471346.406509 | 3966454.078491 97.497002
L11 471358.656509 | 3966436.792480 97.905998 471357.560501 | 3966433.548523 98.045998
L12 | 471431.225494 | 3966413.340515 100.835999 471431.332504 | 3966413.598511 99.635002
L13 471481.370514 | 3966400.676514 99.885002 471481.557495 | 3966401.364502 99.837997
L14 | 471288.342499 | 3966475.813477 95.244003 471288.295502 | 3966475.676514 95.242996
L15 | 471376.856506 | 3966444.820496 98.329002 471372.473495 | 3966446.360474 98.230003
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Table 7. Linear features extracted from model data using terrestrial MMS data
Model
Start Point End Point
ID Ty (m) Y (m) 1 (m) Ty (M) Y2 (m) 2 (M)
L1 471346.782501 3966456.282471 97.635002 471348.830502 | 3966455.214478 97.689003
L2 471368.913498 3966428.491516 98.538002 471370.055496 3966431.755493 98.320000
L3 471384.767502 3966426.327515 98.639999 471384.615501 3966426.173523 108.125000
L4 471420.889503 | 3966426.593506 99.278999 471421.088501 3966427.157471 99.268997
L5 471287995500 | 3966466.546509 100.640999 471287982499 | 3966466.525513 100.987999
L6 471324.756498 3966461.841492 96.810997 471329.692499 | 3966460.097473 97.008003
L7 471378.744499 | 3966436.257507 98.391998 471383.419502 | 3966434.602478 98.500999
L8 471506.375488 | 3966402.925476 99.031998 471511.401489 3966401.855469 98.907997
L9 471292.556503 | 3966473.046509 95.507004 471287.652504 3966474.747498 95.309998
L10 471345.570496 3966452.616516 97.559998 471345751495 3966453.145508 97.577003
L11 471358.019501 3966435.940491 97.989998 471356943497 | 3966432.650513 98.125000
L12 471430.805496 | 3966412.692505 100.902000 471430912506 | 3966413.008484 99.709999
L13 471481.188507 3966400.413513 99.959000 471481.392517 3966401.086487 99.915001
L14 471287697502 | 3966474.882507 95.311996 471287.656502 3966474.759521 95.309998
L15 471376.290497 | 3966443.924500 98.408997 471371.831497 3966445.483521 98.310997
Table 8. Check points using terrestrial MMS data
Reference Model
ID X, (m) Y, (m) Z, (m) Iy (M) Y (m) 1 (m)
CP01 | 471431.858505 | 3966418.785522 99.487000 471431408493 | 3966418.176514 99.557999
CP02 | 471424.554504 | 3966430.004517 99.195000 471423.987503 | 3966429.264526 99.278999
CP03 | 471389.828506 | 3966436.890503 98.589996 471389.251511 3966436.011475 98.666000
CP04 | 471363.016495 | 3966435.258484 98.031998 471362.354507 | 3966434.405518 98.113998
CPO05 | 471353.362503 | 3966453.156494 97.711998 471352.756500 | 3966452.227478 97.794998
CP06 | 471319.799500 | 3966461.271484 96.499001 471319.094498 | 3966460.381470 96.570000
CP07 | 471485923492 | 3966405.572510 99.519997 471485.277496 | 3966404.687505 99.598000
CP08 | 471315.033501 | 3966463.079468 96.308998 471314.389503 | 3966462.139526 96.383003
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Table 10. 3D registration parameters according to the change of the number of lines

Nimber 3 6 9 12 15
o 0.017820 0.152106 0.082623 0.065261 0.063381
s 0.986045 0.998964 0.998943 0.998981 0.999197
w(*) -0.295482 -0.301734 -0.092330 -0.060879 -0.072065
() 0.072293 0.118529 0.033881 0.024594 0.031170
k() -0.377393 0.014625 -0.031673 -0.043599 -0.045949
X(m) -19171.593077 1501.038106 -1691.551760 -2533.937566 -2798.971413
Y (m) 5855.685406 4048.803389 4458 680404 4406.064988 3569.162513
Zp(m) 20773.922880 21839.301551 6664.363783 4413.288024 5242.338289
Table 11. RMSE using check points of terrestrial MMS data
Number of lines 3 6 9 12 15
RMSE (m) 0.631993 0.094122 0.076056 0.073480 0.070892
E”"r(gsta"ce 0.945427 0.153863 0.117386 0.110573 0.106769
A MMSE ol g3ste] {5 7|= dlojelet el vlojg] 7} goRE A& & 4= lglon, ¥ g 7oA 15
7o) 321 ‘:i% Sste] 4% 1]H7H Hes Table 101 W2 59 7 RMSEOﬂ e} gl A B34 3244
aen, o7 3+ 525 54 97l RS ol 8T A9 = HBE e 33}
o] 8ato] 32+ A= YT 5 e AL &+ AUk wekr, FEX|
o

; el TEaka ol FUER|Eo] FEAsEs}
i +25cmol iRl A e uf 67he] AFute 2 555 3

A FHol 7H5e 2 & 4 sick

4. 8
B AT APE ol § HEUQ 71N 3319 S50
el 2 - et e AARE Aoz Ade SolA ohat 22 AE
(a) Reference and model data (b) Applying a 3D o =
registration parameters & EE3h
Fig. 8. Three-dimensional registration using 3D A, AW 2ol ZEH o R S2o] U B
registration parameters and model data o)L B3| HE3 AFPL 0] 83Fle] 2L AT AL}
B S A9l A Y 52 v7PA5o] RMSE
FAE v S AP el e 313k 2ol =" gk 242 0.001095m, 0.000936m 2 F Angtol= 72
utetu|elel CPE o|-§5to] BatAladezl 32k =] 2F wigt Zpol= gl 2o Uehydth 2 o2 2ls) 3244 o]
o2 AXFS}gITk. Table 1104 & = 910l B 473 Fafoll Al wAlg Ahol7} WhAshelont slazhe SUsh vt
ol Al 67)%2 Z7Fat A RMSE7Z} 2 Zo 2 giastie A2 epdek
sholat 5 glom), A A47 A Al 3A 52 B, A9 B A4 MMS Holel S B3] H50 A
S SIS P S AL S el A ol stel 08 58 s Aol Aol T

'9‘ .
| A7t 67ol A 972 Z7Fek 4> RMSEE= 0.094122m A 53435t A7} Ao 7
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