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Study of the predicting model for directional drilling trajectory
controlling based on neural network in tunnel

YE Sixuan
(Xi’ an Research Institute Co., Ltd., China Coal Technology and Engineering Group Corp., Xi’ an Shaanxi 710077, China)

Abstract: In present, the measured location of the near-horizontal directional drlling trajectory is lag behind the bit, and
the actural parameters of the delayed area can not be obtained in time, thus artificial prediction should be made for the
next trajectory adjustion. In order to decreased the human facts and improve the accuracy of the prediction, a
forecasting model is established based on BP neural network which is used for controlling underground directional
drilling trajectory in tunnel. The model is a four-layer BP neural network, and it chooses 11 input parameters and 2
output parameters which are changed from 13 borehole space and trajectory controlling parameters from 12m before
MWD including dip angles and azimuths etc. The parameters of the net forecasting model is obtained using 502 groups
of training data from 6 boreholes in different mining areas. Then the forecasting results of the 12 groups of test data are
compared with that of the artificial experience from 24 technicians. The results show that the mean absolute error of the
downhole space parameters i.e. dip angle and azimuth are only 0.51° and 0.68" predicted inrespectively by the logsig
activation function and the double-hidden-layer BP neural network which has the point structure of 9X6, and the
prediction error obeys normal distribution. The accuracy prediction results derived from the BP neural network model is
35% lower than that from the technicians who work more than 5 years, and the effect from the field application is
satisfied which meets the needs of drilling trajectory control. The research offers theoratical and practical base for the
intelligent directional drilling work.
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Fig.1 The flow chart of BP neural network
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Fig.2 Schematic diagram of the screw motor

drilling assembly
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1 165 4.5 5.8 5.4 4 2.6 441 455 454 442 435 2264 129.3 0.9 44.3
2 183 0.9 0.8 02 —08 —1.6 443 437 425 412 408 1221 538 —07 4238
3 210 —11 —15 —23 —31 —36 427 424 419 409 398 2854 3021 —4 36.9
4 240 1.5 3.2 4.2 5.0 54 345 346 351 351 354 1585 155.4 5.5  37.9
5 261 54 4.6 3.7 2.5 1 39.3 405 414 419 421 2354 2551 —1.4 418
6 366 4.9 6.2 7.3 7.5 6.9 309 314 328 337 346 163.9 2256 5.2 34.6
7 399 2.4 1.3 0 —1.3 —19 369 37.9 384 386 39 161.3 2809 —14 386
8 402 1.3 0 —13 —19 —18 379 384 386 39  38.6 280.9 167 —1.1 386
9 45 —38 —53 —63 —75 —88 351 361 359 36.1 362 167.2 146.3 —11.1 37
10 99 —129 —123 —11.7 —11.2 —10.8 481 492 504 514 533 736 325 —9.3 554
11 123 —6.3 —44 —27 —09 —0.3 567 58 59.6 60.7 62.5 198.5 247.7 —2 62.7
12 411 6.6 6.2 5.7 4.9 3.6 40.1 414 42 43.2 439 206.1 261.6 1 43.5
13 480 —0.7 1.9 2.9 3.5 2.9 36.8 354 36.6 37 37.9 1416 133.1 2 41.3
501 600 —3.7 —35 —36 —36 —4 40.1  39.1 40.1 39.5 39.8 338.6 250.7 —4 39.3
502 615 —39 —4  —38 —38 —39 388 393 37.5 37.6 39.1 812 2284 —39 384
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Table 2 Test data
J¥ DS AL i 1 /() i /() THEmMMA/O ik &S5
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1 189 0.2 —08 —16 —1.6 —0.7 4250 41.20 40.8 41.6 428 64.0 239.4 0.1 43.3
2 219 —3.1 —36 —4 —4.0 —2.9 40.9 39.8 38.1  36.9 36.5 343.1 341.6 —0.2 34.8
3 243 3.2 4.2 5.0 5.4 5.4 34.6 35.1 35.1 354 36.3 1554 155.7 5.4 39.3
4 258 5.5 5.4 4.6 3.7 2.5 379 39.3 40.5 41.4 419 2149 2354 —0.1 42.2
5 276 —0.1 —14 —23 —35 —4.1 422 41.8 40.9 39.8 38.9 241.7 309.4 —4.7 37.6
6 297 —58 —6.1 —66 —7.0 —7.8 374 36.9 35.2  33.8 31.7 272.8 322.6 —8.9 29.3
7 78 —14.7 —15 —15.3 —14.8 —14.1 40.9 41.9 44.3 444 447 747 884 —13.6 47.1
8 186 4.3 4.5 4.2 3.7 3.1 70.6 69.8 70.5 71.7 72.7 194.0 320.2 0.9 73.6
9 249 4.7 4.4 3.7 2.8 2.0 62.6 61.7 60.6  60.0 58.2 272.6 119.3 1.5 58.0
10 303 1.4 1.1 0.5 0.3 1.0 50.1 49.5 47.7 46.0 46.6 84.6 342.0 3.5 46.8
11 366 —1.3 —19 —18 —1.0 0.4 34.5 34.5 346 346 349 352 36.8 2.8 37.0
12 603 —3.5 —36 —36 —4.0 —39 39.1 40.1 39.5  39.8 38.8 250.7 182.6 —3.8 37.5
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Fig.3 Structure diagram of BP neural network

for trajectory prediction
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Table 4 Comparison of mean error between artificial

results and BP neural network

T 24 51 WAE2E/C) i fB2E/()
ANT—4H 0.87 0.98
AT A 0.91 0.90
BP M 4% (logsig i i pEi%0) 0.51 0.68

3 IENH

B W A TN ST AR XSSP R 2 i 5
B PN, 32 R 98 IR B 5 ) 1 B K 2 BOK Ak
BEFEIK K 2 A HE 2 U T 25 SR R B K A AL B
B TR A R K B K 2 AL, R K I A
FLE AR X Z 0 TR % /K 2 A7 B A 5 i i # v
Xof 38 43 FLBE SR T A 2 I 4% I O L s 4
B 8 I 9 s, AT LLE H 7E 0~350 m LB R R
FHZ D7 ¥R AL 535 ol & A I B, K B
KRB A S T —3m, e KDl MRS T 2.37/6
m, B8 25 il W 55 7E 350~1118 m L BE R 3% F
JrkJE RS R AE 1 m LA, P2 4 il
AR 0.8°/6 m, L3l 25 il 42 il 45 21 B 5 k3 .

00— BAEE — SEEE — BUIE S B
<80
o)
= 40
20

1 J

O 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 100011001200
BHALEREE /m
B8 TMBIESEFLHER R

Fig.8 The sectional projection of directional

drilling trajectory
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