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XU LY SO LIEU PO LAP GOC - CANH PE XAC PINH CAC THAM SO
BIEN DANG

Pao Xuin Ljc
Trudng PH Bdch Khoa - PHQG-HCM
(Bai nhdn ngay 23 thdng 9 ndm 2003)

TOM TAT: Bai bdo trinh bay tinh cdc tham s6 bién dang: véc to dich chuyén,
nén, gidn quay, thay ddi dign tich bé mdt qua chuong trinh tinh CTT1 xit ly 6 liéu do
lap trong ludi do géc —canh. Ngoai ra, ddnh gid dg tin cdy ciia chiing. Chuong trinh
tinh nay c6 thé dp dung ding xit Iy s6 liu do lgp trdc dia trén cdc bai dia djng hoc
hodc bién dang cong trinh thuy lgi, thuy dién.

P& nghién citu chuyén dong hién dai v& trdi dat trén cdc bii dia dong hoc, hodc bi€n dang
ciia cdc hd chifa nuéc hé thdng thuy 1di, thiy dién thudng 14p luéi GPS hodc ludi goc canh
rdi ti€n hanh do lap theo cdw chu ky. T x 1y s liéu do ,tinh véc to chuyén dich cic diém
quan tric , bi€n dang nén,gidn ,quay bé mit trong pham vi ting tam gidc bao tram khu vyc
quan tric.

Trong pham vi bai bdo nay , ching t0i gidi thi¢u két qud tinh todn ,xif 1y Iudi do ldp goéc -
canh qua 1 chuong trinh tinh c6 ténla ‘CTTI".

1. T6m titcd sd 1y thuyét:

Trén cd s danh gid dd chinh xdc do goc theo sai s& khép hinh cédc tam gidc va sai s
khép clia 1u6i do toan canh tinh dugc sai s0 trung phuong do géc mg va m (trong truding
hgp trong Iu6i chi do mot s6 canh, my dugc lay theo k&t qua ki€ém nghiém trén bai kiém
dinh,hoic theo 1y lich mdy ), thi&t 1ap trong s6 tri do géc Py va tri do canh Ps ,tlen hanh binh
sai uGi géc —canh nhu 12 1u6i oy do dé c6 dugc toa do binh sai X,Y va sai s0 trung phudng
vi trf diém riéng biét titng chu ky do.C6 X,Y céc diém ludi cda 2 chu ky jva j+1 tinh dugc
véc to chuyén dich AX, AY va do tin cdy clia chung.

Trong pham vi tirng tam gidc, khi dd c6AX AY, dé tinh cédc tenxd bi€n dang, chon 1
dinh bat ky 1am gdc toa do (vi du dinh 1), tinh dich chuyén 2 dinh con lai (c6 s6 hiéu 2,3)
U=AX,-AX, , V,=AY;-AY,, Us= AX3-AX; , V=AY>- AY, va cédc s8 gia toa do: x,=X,-Xj,
y2=Y2-Y1, X 3—X3-X1 , ¥3=Y3-Y .

TiX cédc sd liéu néu trén ,tinh tenxd bi€n dang theo cédc cdng thifc {1] [2],[3] da dugc
chifng minh sau:

S i o B o ARG/ L el
1 21T
X2 YV3 = X3, Vs~ Falz |
22 :
X3Y, — X )3 X,¥V3 =X3Y, |
ou ov ov
e, = %‘;_ LB 5;%, - ’a‘;; ey = 5}- ,ma ban chit cla ching 1a dic trung cho

st thay ddi u, v theo truc Xx,y.
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Nhu vdy, céc ten xd bi€n dang tinh dugc trén co s& toa d§ 3 dinh tam gidc va vécto
chuyén dich cilia chiing.
2. Cic dic trung bién dang quay(w), gidn, nén(E,,E,), dién tich bé mit (A) thuc chat 1a
ham cédc tenxd bi€n dang véi cdc cong thiic tinh nhu sau :

1
w= 5(621. - e]2) ' (2)

[2%%@%}?3 +7§) . =

A = ey + ey _ 4)

vi V1= €n—éxn 1a d9 chuyén dich thuin tuy ; tham s6 phuy, = e, + e,

v Y =yl+yl
Bi€n dang E, ttng v6i 6 - 1a phuong vi ma theo hudng d6 gi4 tri bi€n dang dat cuc tri

e 4 Ly o0
8, = 2arctg ( }’,)i{Oo (5)

A A
Néu 7>I | ta ¢6 E; >0, do d6 E, 1a truc gidn cuc dai cdn vudng géc vdi E; 13 E, -
truc nén cuc dai.

Khi A)0 va Ay thi E, 1a truc gidn cyc dai va E, 12 truc gidn cuc tiéu.

K&t hgp cdc cdng thitc néu trén ¢6:

y: = (= x3v5 = yaus + 230, + yiu,) ¥, = (x5 = yyv3 = X3, + y3v,)
: (x275 = %,3,) ; (%2, — %,,)
i (2315 + y3v; = ysu; — %3v,) SR (x2v3 = yyu; = %49, + y3u,)
(xzys_xsyz) ’ (xz)’z;_st’_z)
(6)

N6i t6m lai, ta s& xdc dinh dugc gidn, nén cuc dai cuc tiéu tai bat ki di€m nao trong
tam gidc 1,2,3 n€u bi€t toa dd x, y ciia diém dé. Tuy nhién, huéng gidn nén cuc trj 12 huéng
chiing ta quan tim nhdt. Do d6, khi tinh E,, E, cho mdi tam gidc thi biéu dién 2 y&u t5 nay
tai trong tdm cia tam gidc vira tinh. .

Trén day 1a cdc cong thiic tinh cdc dic trung bi€n dang (dtbd) trong pham vi bé mat
gidi han béi 3 dinh tam gidc . Cling ¢6 thé xdc dinh cdc dtbd dya vao s6 liéu do lap true tiép
goc B, canh s va phuong vi canh ciia titng tam gi4c:

* Néu goi c4c s6 hiéu chinh vio phuong vi, géc, canh tuong dng 1a (86), (5B), va (e) ta s& c6
phuong trinh hi€u chinh sau :
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o0 )= }r sin 26+1—yzcos 20+ —do
‘ 2 (M

(e)=—l—y cos 26‘+—1—y sin 29+—1—A—e
T i 2 ®)
68)=ly, cos (6, +6,)-7,sin (6, +6,)sin B, - 38,] )

k, i, j 1a s6 hiéu 3 dinh ciia tam gidc k, i, j. Cdc s0 hang ty do d6, e,8p phdi dugc biéu thi &
don vi twong d6i va radian.

N 10°; dt?-d——— 10°; 5/3_-“-”8— 10°
S p' p' (10)

Bay gid xét cdc trudng hgp sau day:

- Né&u trong tam gidc chi do 1ap phudng vi:
Trong trudng hdp nay ta theo phuong trinh hiéu chinh (7), dé tim dugc cdc tham s6
¥1:Y2,>@ chiing ta phii cdn 3 phuong trinh s8 hi¢u chinh phuong vi doc 1dp 3 hudng cia ba

canh tam gidc:
- Trong trudng hdp chi do 1ap géc ta c6:

3 phuong trinh s8 hiéu chinh (9), nhung néu céc géc dugc binh sai theo di€u kién hinh
trde khi tinh s6 hang tu do 8B thi trong 3 phuong trinh chi ¢6 hai phuong trinh doc 1ap. T 2
phuong trinh higu chinh 2 géc, flﬁl ra ta s€ c6:

y, = |68, sin B, sin(6, + 6, )-8 sin B,sin(6, +6,)/sin B,
= lé'ﬂJ sin B, cos(@,.j +i, )— op sin B, cos(ﬁ +0, )J/ sin 3,
- St dung do dai d€ tinh tsbd: :
N&u trong tam gidc do 1ip 3 canh thi ching ta ¢6 3 phuong trinh s6 hiéu chinh dang (8),
ma c4c &n 1y, ,y2, A Nhu vy khi do lip trong tam gidc 3 canh, gidi 3 phudng trinh (8) dé
tim y1,Y2, A_

- Trong trudng hop c6 do ldp canh , géc thi tiY 3 phuong trinh (8) va 3 phuong trinh (9) gidi
theo phuong phép s& binh phuong nhd nhit ta s& ¢6 11,72, A

Nhu vy, tit xi¥ 1i s8 hiéu do 13p truc ti€p, mudn tim tham s6 quay o phdi do 1ap it
nhd't 1 phuong vi. Khi c6 s8 liéu do lip géc, canh, phuong vi thi két hgp binh sai d€ tim cdc

tham s& bién dang i ,Y2, A trong pham vi lanh thd titng tam gidc.

3. P4nh gid d6 chinh xdc cdc dtbd:

Tir binh sai ludi do géc canh ta c6 matrédn trong s0 ddo Q ,ma cédc dtbd 1a ham véc to
chuyén dich nhu 13 hiéu toa d6 2 chu ky ,do d6 khong khé khién ta tinh dugc trong s6 ddo cia
céc dtbd. Trong trudng hgp sit dung 8 liéu do 13p tryc ti€p géc ,canh, phuong vi cda mdi tam
gidc dé tinh céc dtbd,trong s& ddo cud ching cling dugc tinh tuong ty.
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4. K&t qud xit ly sd liéu do lap qua chu‘dng trinh CTT1.for:
D€ chay chuong trinh CTT1.for cin tao file dir li€éu hungl.pas, con két qua tinh nim

trong file kgbs.in (chi tiét hai file hungl. pas, kgbs.in'mé t trong phan phu luc). Dudi day 1a
k&t qud tinh todn cho 1w6i & hinh 1 va s6 liéu do 2 chu ky & bdng 1:Khi binh sai trong s& tri

do hu6ng nhan bang 1, con trong s6 tri do canh P

k&t qua ddnh gid do chinh xdc do géc.

Bdng 1:56'ligu do hudng va canh chuky Iva?2

2

s=l‘_2 ,v6i m=2+2x 0.000001 S va p 18y tir
m.l‘

Piém |Tén huong | Tri huéng chu Tri  canh 1-2
do do ky 1 N‘fk ANH dochu ky 1 AS,
0 ¢ « ® | sik(m) (m)
I I -1I 0 0”0 0” 1068,318 | -0.002
I - DG 8 20 474 | 1,6 859,321 | -0.025
I - DG 30 53 438 |12 1047,860 | -0.035
I -1III 68 23 11,8 2,3 793,095 0,000
1I Im-1I 0 0 0 0
II - DC, 287 27074 |94 564,003 | 0.005
1 1 316 28 13,0 |-02 1070,581 | -0,020
I - DC, 330 14 7,0 |19 251,246 | 0,016
11 I - I 0 0-0 0
Il - DG, 63 56 52,9 -4,0 828,688 | -0,024
I - 1 68 05 06,0 -1,4
Il - DC, 93 26 22,8 | -5,6 638,905 | -0.027
DC, DC,- III 0-0 0 0
DC;- I 49 04 13,9 55
DC,- DG, 10125 11,5 6,1 416,203 -0,016
DC;- 1T 12537 36,4 14,9
DC, DGC;- 11 0 00 0
DGC;- DC, 113 00 35,9 -0,9
DGC,- III 162 05 53,8 -5,4
DC,;- 1 218 06 36,0 3,5
I-1 |Géc  dinh | 35°28'30" 0,1 0.1
hudng
K&t qua binh sai chu ky 1:
Bang 2: Toa dp binh sai ludi va sai s6 don vj trong sé 1:=1.56”
diém | X ginding | AX X Binh sai ' gﬁndﬁng AY Y Binh sai M, M, M AX’ AY’
I 1305880.000 721420.000
11 1306750.000 | -.008 1306750.008 | 722040.000 002 | 722039.998 002 | .002 | .003 | 0.000 | 0.000
111 1305690.000 | -.001 1305690.001 | 722190.000 .000 | 722190.000 .003 | .003 .005 | -0.002 | 0.001
DC1 | 1306300.000 | -.006 1306300.006 | 722380.000 001 | 722379999 003 | .002 |.004 |-0.001 | 0.001
DC2 | 1306500.000 | -.006 1306500.006 | 722015.000 001 | 722014.999 .003 | .002 | .003 |.-0.002 | 0.001

Ghi chi : ax’, AY'- 12 hiéu toa d6 khi binh sai theo [5] va theo cttl

quan tdm, vi du d6i véi canh DC1-DC2 ¢6 M; =0. 002 m, M

K&t qud ddnh gid d6 chinh x4c canh va phuong vi cho bat ky canh hoc phuong vi

M; =0.002m, M,=1,0";

«=1,1"; d8i véi canh II-DC1 ¢6
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K&t qua binh sai chu ky 2:
Béng 3: Toa dp binh sai lidi va sai s don v trong s6 y=1.04”

diém | X génding AX X Binh sai Y gén ding AY Y Binh sai M, M, M
1 1305880.000 721420.000 :
II 1306750.008 .007 1306750.001 | 722039.998 .005 722039.993 .002 | .001 | .002
III 1305690.001 -.004 1305690.005 | 722190.000 -.001 722190.001 002 | .002 | .003
DC1 1306300.006 .020 1306299.986 | 722379.999 .024 722379.975 .002 | .002 | .003
DC2 130650.006 .025 1306499.981 | 722014.999 .008 722014.990 .002 | .001 | .002
Bang 4:Tinh véc to chuyén dich R

dlém R (mm) MR (mm) | OR (d6)

11 .008 .004 215.5

III 004 .003 9.6

DC1 .031 .004 230.0

DC2 | .027 .004 198.5

Dbéi véi chu ky 2 Jkét qua danh gid dd chinh xdc dsi v6i canh DC_'I-DCZ ¢6 M=0.001
m, M,=0,75"; d6i vdi canh I[I-DC1 co” M, =0.002 m, M,=0,65";

Béng 5: Tinh tham sé bién dgng theo véc to chuyén dich cdc dinh tam gidc

theo két qud binh sai 2 chu ky do

STT | Tam gidc Y Y2 A m,) ) m, E, E, me 0.0 *)
1 LILIIT 9.5 23 -10.2 [ 29 -4.1 3.1 -2 -100 |26 96 41
2 LIL,DC2 -119.9 | -1155 | 546 | 8.6 75.5 9.5 1105 |-559 |87 21 57
3 LIII,DC2 351 [-154 |-39.0 |31 -4.0 32 -3 387 |26 101 51
4 ILIIL,DC2 424 3549 |1205 156 |-171.1 |219 239.0 |-1184 | 159 48 24
5 I,DCI,DC2 | -101.2 | 696 |362 |71 -170 |67 79.5 -433 | 64 17 14
6 ILIII,DCI1 579 | -81.0 |-968 |53 24.4 5.5 1.4 982 123 27 13
7 IMIDC1DC2 | -17.2 [ -296 | -925 | 46 -8.3 4.1 291 |-634 |24 -29 52
8 LIILDCI 300 | -41.7 | -467 | 3.8 -16.8 | 39 2.3 -49.1 | 3.0 117 6
9 LILDC1 -43.0 |-11 232133 21.6 3.4 10.7 T BT RETE
10 |IDC1,DC2 |3.0 123 | -68.1 |45 11.5 4.4 227, | #64& 113 51 47
Bang 6:Tinh tham sé bién dang theo 5o ligu do truc tiép

STT | Tam gidc Ssk |1 my, | 7 my, [ A my |® m, | E E, 0,

1 LILII 22 1158 " 18 1’58 8 T2 'lsc | -at 1 |24 -145 |79 47
2 LILDC2 32 |-1070 | 14. | -1103 [15. [ 566 [13. [69.0 [8 | 1051 |-485 |-22 56
3 LIILDC2 15 . 1363 185 1207 15 186915 21 -39.6 | 105 27
4 ILIII,DC2 -5 | 470 |23 |3028 |35 | 1008 |24. 203.6 | -102.8 | 49 24
5 npci,pc2 |12 [-981 |10 [672 [9. [419 |10 80.4 | 385 17 12
6 ILIILDCI 1.0 |-519 |9 [-844 [9. |-942 |0 2.5 -96.6 | -29 13
7 mpeinpc2 -7 1192 . 17.-)-242. 17186117 276 | -58.5 | -25 48
8 LIII,DCI 25 | 227 |6 |-437 |6 |-447 [6. 22 -47.0 | 121 17
9 LIL,DCI 13 |-570 |6 |-117 |6 |-141 |6 |293 |3 [220 |-361 |[-5 49
10 -|1pbCiDC2 |33 |70 7. 1129 18.: |-154 |1. -304 | -450 | 5916

Ssk- 12 sai s6 khép hinh tam gidc;
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sai s trung phuong do hudng tinh theo sai s khép hinh p=0,8”

Hinh 1

K&t qua binh sai riéng biét cdc chu k¥ do so v6i [5] 1a khong ddng k& 1-2 mm (xem
bdng 2) néi ring chuong trinh tinh ding din. N&€u nhu cdc phin phin mém binh sai ludi tric
dia thong dung khdc chi dirng lai & viéc cho két qud binh sai toa do va do tin cdy cda ching
thi khi chay chuong trinh cttl, ngoai viéc tinh véc td chuyén dich (R), dd tin cdy Mg cdn tinh
cdc tsbd va dd tin cdy cla chiing qua véc td chuyén dich cdc diém trong lusi va qua cédc so
liéu do lap truc ti€p géc canh. K&t qua 1&ch nhau giita c4c tham s bi€n dang theo hai cich
trén ciling ndm trong gidi han 2-3 1dn sai s8 trung phuong xdc dinh ching . Khi véc td dich
chuyén 2 diém DC1,DC2 c6 gid tri 16n hon 6-8 14n sai s& trung phuong x4c dinh chiing thi
cdc tam gidc lién quan dén cdc di€m ndy ciing c6 cdc tham s& bi€n dang-v6i do tin cdy cao
(xem cdc tam gidc c6 dinh 1a DC1 hodc DC2). P3c biét do tin cdy cdc tham s& bi&én dang
phu thufc vao hinh dang clia tam gidc, tam gidc cang ¢6 dang gin tam gidc déu thi sai s0
bién dang cang nhd, tam gidc cang khdc tam gidc déu thi sai sd 16n, chinh vi vay khi vé sd
dd bi€n dang bé mit nén chon cdc tam gidc gin déu nhat, taothanh hé théng 1u6i bao phil
todn by bé mit khu vyc khdo sdt. Nhu trén hinh 1 dwa vdo véc td chuyén dich
ILILDC1,DC2 va céc gid tri E; E; va 8, v& dugc so dd bi€n dang cédc tam gidc s 2,3,5,7.
Dya vao so do bi€n dang cdc tam gidc va véc td dich chuyén cdc diém trong 1u6i c6 thé
phan tich sy dich chuyén céc diém trén mat d4t (nhu khi quan trdc dich chuyén vé trdi dat
trén bai dia dgng hoc) hodc bi€n dang cong trinh (n€u cdc diém n¥m trén cong trinh-nhu cdc
hé chita nu6c cda cdc cong trinh thuy dién, thuy 1gi).

ROCESSING DATA IN ANGLE- DISTANCE REPEATED
MEASUREMENT TO DEFINE DEFORMATION PARAMETERS

Dao Xuan Loc
University of Technology — VNU-HCM

ABSTRACT: This paper presents a method for calculating deformation parameters :
offset vectors, compression, extension, rotation and dilatation. This method is applied to a
~ computer program which processes data in angle-distance repeated measurement grids and
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quality control. The program can be used for analysing crustal displacements or engineering
deformations such as hydro-power plants.
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