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Outline	
•  Error	propaga)on	for:	

–  Angular	traverses	
–  Azimuthal	traverses	

•  All	sides	orienta)on	surveys	
•  Periodic	orienta)on	surveys	

•  Compara)ve	accuracy	analysis	
–  Linear	vs.	circular	
–  Angular	vs.	azimuthal	
–  Periodic	orienta)on	(op)mal	frequency)	
–  Traverses	using	wall	sta)ons	
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Error	Propaga)on	
•  General	formula	for	error	propaga)on:	
	
	
	
•  Addi)on	or	subtrac)on:	

•  Mul)plica)on	and	division:	
	
	
	

ISM2016	-	A.Jarosz	&	C.Moy:	Error	Propaga4on	 3	

Q = q(x, y,!, z)

δQ2 = dq
dx

2

δ x2 + dq
dy

2

δ y2 +!+ dq
dz

2

δ z2

Q = a + b +!+ z

δQ = (δa)2 + (δb)2 +!+ (δ z)2

Q = ab...c
xy...z

δQ
Q

= δa
a

⎛
⎝⎜

⎞
⎠⎟
2

+ δb
b

⎛
⎝⎜

⎞
⎠⎟
2

+!+ δc
c

⎛
⎝⎜

⎞
⎠⎟
2

+ δ x
x

⎛
⎝⎜

⎞
⎠⎟
2

+ δ y
y

⎛
⎝⎜

⎞
⎠⎟

2

+!+ δ z
z

⎛
⎝⎜

⎞
⎠⎟
2



Angular	traverse	(1)	
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Angular	traverse	(2)	
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Azimuthal	traverse	(1)	
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Azimuthal	traverse	(2)	
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Traverse	with	periodic	orienta)on	
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Impact	of	traverse	shape	
•  Linear	
•  Circular	(spiral)	

SD	of	a	measured	angles,	σβ	=	±	7”	
SD	of	gyro	azimuths,	σg	=	±	3"	(e.g.	DTM	gyro)	
SD	of	a	distance	of	50	m,	σl	=	±	2	mm	
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Angular	vs.	Azimuthal	
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How	frequently	to	do	orienta)on?	
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Traverses	with	wall	sta)ons	
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Conclusions	
•  Introduc)on	of	gyro-azimuth	surveys	can	significantly	improve	the	

overall	quality	of	long,	open	traverses.	
•  The	gyro	surveys	should	be	introduced	in	an	op)mal	way.	i.e.	they	

frequency	of	surveyed	gyro	azimuths,	along	the	traverse,	should	be	
determined	taking	into	account	the	accuracy	of	angular	versus	gyro	
surveys.	

•  The	geometry	arrangement	is	an	important	element	impac)ng	the	
direc)onal	accuracy	of	traverse	using	“wall	sta)ons”.	The	acute	
angle	geometry	of	“wall	sta)on”	triangles	should	provide	op)mal	
direc)onal	accuracy	for	such	traverse.	
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