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CHiNH XAC HOA CAC THAM sO TiNH CHUVGN TOA HO

BANG PHEP LOC KALMAN DUA TREN CAC PIEM SONG TRUNG
BO SUNG

PGS. TS. DANG NAM CHINH
Truong Pai hoc M6 - Dja chat
KS. NGUYEN THANH LE
Hoc vién Ky thuat Quén su

Tom tat:

Bai bao trinh by nguyén tdc st dung phép loc Kalman dé cap nhat tham sé tinh chuyén
toa d6 3D dua trén cac diém song trung b sung. Theo quy trinh nay, viéc tinh toan tham
s6 dugc don gidn hoéa, dudc thuc hién ngay cé trong trudng hop khéng con mét s théng

tin ban dau. .

1. D'ét van dé

heo quy trinh tinh chuyén toa d giita hai hé quy chiéu dua vao cac diém song triing,
@tru’dc hét chiing ta phai xac dinh cac tham sé tinh chuyén toa dé theo nguyén ly binh
phuong nho nhat. Két qua clia bai toan trén sé la:

- Véc td tham s6 tinh chuyén X.
- Ma trén hiép trong s6 dao cla cac tham s6, ky hiéu la Q,

Trén thuc t& c6 thé gap trudng hdp cac tham sé tinh chuyén d4 dudc xac dinh dua vao
mot s6 di€ém song triing, sau d6 lai c6 thém mot sé diém song trung (bo sung). Trong tru’dng
hop nay chting ta phai xac dinh lai cac tham s6 tinh chuyén. D& giai quyét bai toan, co thé
thuc hién theo 2 cach:

a. X ly lai toan bd cac diém song triing, trong d6 st dung cac diém song triing cii két
hop véi cac diém song triing méi dé tinh lai cac tham s6 tinh chuyén toa d6. Theo cach nay,
phuong phap tinh toan dugc thuc hién theo cac budc nhu chiing ta da biét nhung yéu cau
phai con ddy di théng tin cla cac diém song triing c.

b. St dung cac tham sé tinh chuyén da cé va ma tran hiép trong s6 ddo cla ching dé
XUt ly phéi hop véi cac diém song tring méi (b6 sung).

V@i cach thit hai, chung ta ap dung I6i giai ctia phép loc Kalman dé cap nhat (d8i méi)
céc tham s8 tinh chuyén va ma tran hiép trong sé dao tuong ing.

2. Thuat toan va quy trinh tinh :

Thuat toan xif ly dua trén co sé clia xt Iy 2 giai doan [1,3], trong d6 giai doan 1 1a x{r ly
xac dinh tham s6 cl va giai doan 2 1a x{ ly cac di€ém song tring méi bé sung.
~ Trong trudng hgp st dung mé hinh tinh chuyén toa do véi 7 tham sé theo cong thdc
Bursa-Wolf, cac phuong trinh tinh chuyén & giai doan 1 c6 dang:
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Tir (1) ta bién d6i vé hé phuong trinh s6 hiéu chinh:
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Khi c6 n, diém ta sé lap dudc 3n,; phuong trinh s6 hiéu chinh. 7 &n s sé dudc gii theo

phudng phap s6 binh phuong nho nhat.
Hé phuong trinh chuén c6 dang:
ATAXD + AT Ly =0
trong dé: X = LZX(" bl S SN DY d,(n”]
Véc ta 8n s6 XM dugc xac dinh tif két qua gidi hé phuong trinh chuén (5)
Ma tran hiép trong s6 dao clia 7 tham sé trén sé la:

Qxq = (ATA)"
Sai s6 trung phuong don vi trong sé clia bai toan dudc tinh theo cong thirc:
144
ol
RO e

(5)

(7)

(8)

Gia st & giai doan 2, ¢ thém n, diém song triing. Phuong trinh s6 hiéu chinh cho cac

dim song triing giai doan 2 cé thé viét:
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Trong d6 véc to X = [dX dY dZ e, e, e, dp] lagiatritham s6 dugc xac dinh tir
cac diém song triing giai doan 1 va cac diém song triing giai doan 2

S6 hang tu do trong (9) ciling dudc tinh tudng tu nhu (4).

& day chung ta khong 1ap lai hé phuong trinh chudn chung theo s6 liéu clia tat ca cac
diém song tring giai doan 1 va giai doan 2 ma s(r dung két qua tham sé da xac dinh dugc
& giai doan 1 két hop véi diém song triing méi trong giai doan 2 dé x{ ly xac dinh lai tham
s6. Vi cach dat van dé nhu vay, ta coi tham s6 da xac dinh trong giai doan 1 1a “tri do”,
v@i cac phuong trinh tri binh sai la:

Vx, + Xy = EX (10)

trong d6 E 1a ma trAn don vi c6 kich thudc (7x7), s6 hang tu do clia cac phuong trinh s6
hiéu chinh (10) bang 0 vi 14y tri gan dang la tri binh sai giai doan 1.

Tir d6 ta c6 phuong trinh sé hiéu chinh:
Vit 2 EX Xy (11)

Luu y réing, cac phuong trinh s6 hiéu chinh (10) ¢6 ma tran trong s6 Px, = 05, da dugdc
xac dinh tir két qua tinh giai doan 1 (7).

Né&u & giai doan 2 |4y tri gan dung clia tham s6 dldng bang gia tri tham sé xac dinh trong
giai doan 1 thi phuong trinh (11) sé cé dang:
Vx,=EA, (12)

VI X=X, +A,
Céac phuang trinh s6 hiéu chinh lap cho cac diém song trliing giai doan 2 c6 dang:
[ 204 05 it
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Ho#c c6 thé viét & dang:
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V,=A,A,~L, (14)
FX.” i ] X_llm‘
Trong doé: rq =Sl va Ax = bx oy 0z e, Oe, ODe, 5dm] (15)
Zi” "—ZI-”(I)

L, =

vai X0, r"W: 70 13 toa d6 cac diém song triing bS sung cb toa d6 hé 1 da dugdc
chuyén vé hé II theo cac tham s6 xac dinh tir giai doan 1.

Phéi hdp cac phuong trinh s8 hiéu chinh (12) v6i cac phuong trinh s6 hiéu chinh (14) ta
c6 hé phuong trinh s6 hiéu chinh chung:

Vx| | E A 0
o g7 e e e (16)

Cac phuong trinh s6 hiéu chinh trén c¢6 ma tran trong s6 P la:

0.
e o

trong d6 E, la ma tran don vi c6 kich thudc bang 3.n,

Tl d6 lap dudc hé phuong trinh chuén:

(O +ATADA, AL, =0 (18)
Giai hé phuang trinh (18) s& nhan dugc véc to s6 hiéu chinh A ,, :
Ay =Qn+44)" 41, (19)
Tham s6 sau tinh toan giai doan 2 sé la:
=X A (20)
Pong thdi xac dinh dudc ma tran hiép trong s6 dao clia cac tham s6 sau cap nhat:
Oy =(On+ 4, 4)" (21)
Vi ky hiéu nhu trén, cong thic (14) cé thé viét:
X=X 00y L (22)
Theo bd dé nghich dao ma tran (hay dong nhat thirc Sherman-Morrison-Woodbury) [4]:
ARTCVY b= A < TG A VA U)W A7 (23)
ma tran Q, tinh theo (21) c6 thé khai trién nhu sau:
Oy =0 _QX1A2T (E, + AzQXIAzT)_‘ 4,0 (24)

Nhd d6, quy trinh tinh 7 tham sé c6 thé thuc hién theo 2 budc:
Budc 1: Tinh ma tran nghich dao Q, dua vao Q,, va céc diém song triing bé sung:
Q.\' = QXI = QX]AZT (E?_ oy /42QX]/4;-)_l A2Q/\’l (25)
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Budc 2: Tinh 7 tham s6 sau cap nhat:
XX SO L, (26)
Theo cac cang thiic (25) va (26) cho thay, dé xac dinh lai 7 tham s6 tinh chuyén toa dd
khi c6 thém diém song triing bé sung khéng can lap lai hé phuong trinh chuan.
DE tiép can phép loc Kalman tuyén tinh, ta ky hiéu:
K=0.4 ' 20

K dudc goi la ma trén tang ich Kalman (Kalman Gain Matrix), hay goi tat la ma tran ting
ich [2,4,5]

Khi d6 céng thiic cap nhat tham sé (26) c6 dang:
VG e ) (28)

Nhu vay str dung 3 cong thic (25),(27) va (28) cho ta quy trinh cap nhat tham s6 tinh
chuyén toa do khi c6 thém cac diém song triing bé sung va st dung phép loc Kalman.

Khi tinh s6 hang tu do L, theo (15) can dua ra diéu kién kiém tra dé loai bo diém song
tring bé sung khong dat han han sai. Han sai dugc xac dinh dua theo nguyén tac cé do
I6n bang 2 1an sai s8 trung phudng. Tl (15) ta ¢6 cong thiic tinh sai s6 gi6i han nhu sau:

(IX)gh = 2J(mll‘f)2 +(m‘l\{(|))2
(ly.)g;, = 2.\/(m;’)2 At (m)l,ltl) 2
(1)) = 2:J(m)? + (Y

Trong d6 m%",my",m;" 1a sai s6 trung phuong ciia ham cac tham sé tinh chuyén,
dugc tinh dua vao sai s trung phudng don vi trong s6 1, va ma tran Qg xac dinh theo

cong thic:

(29)

Or =F 0, F (30)

véi F™ 1a ma tran hé sé ham trong sé, dudc tinh tir toa dé cac diém song triing bé sung.-

Céc gia tri m",m',m} trong (29) c6 thé I&y gan ding va cb gia tri bang i, .

3. Thi du minh hoa
Trén lanh thd Viét Nam c6 9 diém song triing, cé toa do trac dia trong hé WGS-84 va
trong hé VN2000 nhu sau:
DIEM TOA DO HE WGS-84 TOA DO HE VN2000
B L H B i H

L-CHAU 22 15 31.11202 102 20 37.26921 542.312 22 15 34.49390 10220  30.39250  581.763
H-GIANG 23 26 47.36493 105 30 22.01449 756.287 23 26 50.85820 10530 15.09660  787.927

M-CAIl 21 30 45.62819 107 50 5.31233  6.154 21 30 49.25180 107 49  58.51090 26.738
H-NOI 21 426.47921 10546 14.38892  8.564 21 4 30.02490 105 46 7.58470 34.884
NG-AN 18 41 15.33638 105 15 46.28202  8.264 18 41 18.89830 105 15 39.57680 31.671
QU-TRI 16 45 48.18841 107 20 4.69020  9.345 16 45 51.84070 107 19 58.07400 22.273
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Hghica edu - Ung dung

QU-NGAI 1510 4.5611. ‘08 5141.08747  10.248 1510  8.26880 108 51 34.54410 15.017

PLEIKU 14 122.56878 108 0 15.64815  564.189 14 126.25680 108 0 9.12680 569.518

N-TRANG 12 10 32.18887 109 8 14.20050  12.458 12 10 35.90690 109 8 7.74350  10.357

TU toa d6 tric dia tinh d&i vé toa do vudng goc khong gian dia tam X,Y,Z, két qua nhu
sau:

DIEM X1 Y1 Z1 X2 Y2 Z2
L-CHAU -1262599.293  5769664.216  2401148.535 -1262406.317 5769703.477  2401259.760
H-GIANG -1565364.290 5642182.797 2522461.193 -1565171.384  5642222.055  2522572.388
M-CAIl -1818191.311  5651204.831 2324298.866 -1817998.314 5651244.105  2324410.100
H-NOI -1618258.673  5730001.521 2279047.387 -1618065.670 5730040.800  2279158.606
NG-AN -1591059.715 5830783.596 2030625.218  -1590866.768 5830822.852  2030736.462
" QU-TRI -1820129.646 5831345296  1827778.924  -1819936.638 5831384.580 1827890.156
Q-NGAI -1990553.583 5826733.222 1658044.365  -1990360.589  5826772.503 1658155.603
PLEIKU -1913207.642 5886728.048 1535580.638  -1913014.633  5886767.327 1535691.906

N-TRANG  -2044235.274 5891000.704  1336400.712  -2044042.286  5891039.989 1336511.949

St dung mé hinh toan Bursa-Wolf d& néu trén tinh dugc 7 tham s6 tinh chuyén toa do
tir hé WGS-84 vé hé VN2000 nhu sau:

dx= 192.800m; dy= 39.475m; dz= 111.255m

ex -142730852E-07; ey= .172228835E-07; ez= .258189707E-07

dm= -.377516959E-07

Sai s6 trung phuong don vi trong s6 i, = 0,021m

Ma tran hiép trong s6 dao clia cac tham s6 tinh chuyén trén la:

189975E403  .761246E+02 -.734236E+02 -.142240E-04 .610456E-05 -.304597E-04  .875873E-06

761246E+02  549472E+02 -.336755E+02 -.750525E-05 .226293E-05 -132574E-04  -291851E-05

.734236E+02 -336755E+02 .543381E+02 .940482E-05 -125210E-05 .119611E-04  -.100435E-05

.142240E-04 -750525E-05 .940482E-05 .175045E-11 -415031E-12  .231620E-11  .685003E-26

610456E-05  .226203E-05 -.125210E-05 -.415031E-12 .661656E-12 -.827652E-12  -.198715E-26

-304597E-04 -.132574E-04 .119611E-04 .231620E-11 -827652E-12  .498101E-11  .110954E-25

875873E-06  -.291851E-05 -.100435E-05 .685003E-26 -.198715E-26  .110954E-25  .504548E-12

Hai diém song triing bé sung c¢6 toa dé trong 2 hé WGS-84 va VN2000 nhu sau:

HCMINH 1049 45.62254 10643 14.80054 5.268 1049 49.28780 10643 8.34250 8.587

CMAU 83515.06611 105 4  4.22284 7.654 835 18.70610 105 3 57.79340 12.166

Truéc hét, dua vao cac diém song triing b8 sung, tinh s6 hang tu do va sai s6 gi6i han
clia chang dé kiém tra chat lugng cac diém song triing:

1
|

Piém song | S8 hang ty do T Sai s0 gidi har:jcc):ua s0 hang tu
I : | :
S,Uhg l_v( ly ; lz ({X:)ghv 1 (l) )gh H (IZ ),g,h,,

HCMINH | 0.017m | 0.013m | -0.028m | 0.051m | 0.059m ' 0.051m

1TT§ tring bé ‘;
& i

51 GMAU | oof7 | o014 | 0030 0056 | 01079 | 0.057
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5 55 22,
(Hghién eiu - Ung dung

Tl bang trén co6 thé thdy rang, s6 hang tu do cla cac phuong trinh 1ap cho cac diém

song triing déu nho hon sai sé gidi han. Tat ca cac diém bé sung dudc chap nhan dé chinh
xac lai cac tham s6 tinh chuyén.

Véi 2 diém song triing bé sung, st dung ma tran hiép trong s6 dao da co, theo coéng thitc

(24) ta tinh dugc ma tréan Q, :

955408E+02  .201872E+02 -.134777E+02 -325360E-05 .368739E-05 -.150687E-04 .490638E-06
291872E+02  .217736E+02 -508499E+01 -.171136E-05 .108833E-05 -.515534E-05 -.165086E-05
-134777E+02 -508499E+01 .149633E+02 .238161E-05 .245484E-07 .216546E-05 -.516043E-06
-.325360E-05 -.171136E-05  .238161E-05 .442846E-12 -.115981E-12 .521674E-12  -.484147E-17
368739E-05 .108833E-05  .245484E-07 -.115981E-12 .404421E-12 -505914E-12  -.228831E-16
-150687E-04 -515534E-05  .216546E-05 .521674E-12 -505914E-12 .242575E-11  .791948E-18
490638E-06 -.165086E-05  -.516043E-06 -484147E-17 -228831E-16 .791948E-18  .283076E-12
Theo (27) tinh dugc ma tran téng ich K nhu sau:

-151420643  1.095423332 -017577352  -.524602155  4.390304556  .755839395

-066705351 537548928  1.256739347 -.533092283  1.647547138  1.991362053

416862297  -1.442805496 014115713  .533387868 -2.424119989  -.069815149

.000000015  -.000000244  -.000000067  .000000033  -.000000437  -,000000125

.000000170  .000000038  -.000000009  .000000224  .000000149  .000000068

.000000089  -.000000162  -.000000053  .000000183  -.000000685  -.000000182

-000000020  .000000048  -.000000179  .000000027  .000000073  -.000000248

TUr ma trén tang ich K sé tinh dugc s6 hiéu chinh cho céac tham s tinh chuyén toa do A,

.042 -.076 -.035  -.285459966E-08 .753238624E-08  -.960526942E-10 .143139151E-07

Céc tham s6 ci Xy) :

192.800  39.475 111.255 -.142730852E-07  .172228835E-07 .258189707E-07  -.377516959E-07

Céc tham s6 sau hiéu chinh X:

192.842  39.399  111.220 -171276849E-07 .247552697E;07 .257229180E-07 -.234377808E-07

Dé so sanh véi phuong phap tinh tham sé dua vao tat ci cac diém song tring (gém 9

diém trudc va 2 diém b sung), két qua tinh 7 tham sé X sé la:

192.843  39.400  111.220  -171482289E-07  .246085686E-07  .256189088E-07  -.235378819E-07
Ma tréan Q, nhan dugc: ;
955300E+02  .201868E+02  -.134766E+02 -.325331E-05 .368702E-05 -.150684E-04  .490598E-06
291868E+02 .217724E+02  -508504E+01 -171128E-05 .108802E-05 -515523E-05  -.165071E-05
-134766E+02 -.508504E+01 .149628E+02  .238143E-05 .248870E-07  .216529E-05 -.515974E-06
-325331E-05 -171128E-05  .238143E-05  .442793E-12 -.115891E-12  .521628E-12  .105547E-26
368702E-05  .108802E-05  .248870E-07 -.115891E-12  .404294E-12  -505848E-12  -.115810E-26
-150684E-04 -515523E-05  .216529E-05  .521628E-12 -505848E-12  .242570E-11  .507043E-26
490598E-06  -.165071E-05 -.515974E-06  .105547E-26 -.115810E-26  .507043E-26  .283050E-12
15
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C6 thé nhan thay rang su khac biét gilta két qua tinh ap dung phép loc Kalman véi két

J& tinh mét Ian, 16n nhat chi ¢ 1mm déi véi cac tham sé dx, dy, dz va chi & s6 1& thir 10

cUa cac tham sé e,, ey, €, va dm. Ma tran Q ciing ¢6 su sai khac d mitc nhd do sai s6 tinh
toan.

4, Két luan

- Ap dung phép loc Kalman dé xac dinh’lai tham s6 tinh chuyén toa d6 dua vao cong
thitc tinh chuyén toa dé (3D) Bursa Wolf va cac diém song tring bé sung khéng doi hoi phai
biét day dii toa d6 cac diém song trung 8 budc trude va ciing khong phai Iap lai hé phuong
trinh chudn. Trong trudng hop nay can cd ma tran hiép trong s6 dao Q ciia cac tham s6
tinh chuyén.

- 86 hang tu do L, trong cac phuong trinh ctia cac diém song triing bé sung ludén dudc
tinh theo nguyén tic don gian la bang toa dé cla cac diém b sung trong hé II trir di toa
do tinh chuyén tir hé 1 vé hé 11 clia chinh cac diém d6 theo cac tham s8 tinh chuyén da co.
Can kiém tra d6 16n ctia cac s6 hang tu do dé khang dinh chat ludng cac diém song triing
bé sung.

- Trong trudng hop chi ¢ 7 tham s6 tinh chuyén ma khéng con luu lai ma tran hiép trong
s6 dao Q,4, c6 thé khoi phuc lai ma tran nay dé tinh toan theo quy trinh trén néu biét gan
dang vi tri (B,L) ctia cac diém song tring da sir dung dé xac dinh 7 tham s6 da c6.0
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Summary

REFINEMENT OF COORDINATE TRANSFORMATION PARAMETERS BY KALMAN
FILTER BASED ON ADDITIONAL COMMON POINTS

Ass. Prof. Dr. Dang Nam Chinh

Hanoi University of Mining and Geology
Eng. Nguyen Hong Le

Military Technical Academy

This paper introduces an algorithm for recomputation of the coordinate-3D transforma-
tion parameters based on the additional common points using Kalman filter. By this proce-
dure the estimation of transformation parameters is simplified and can be done in case of
missing some initial data.O
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