
HETEROCYCLIC COMPOUNDS FIELD OF THE INVENTION [0001]
The present invention relates to hydroxamate compounds
that are inhibitors of histone deacetylase (HDAC).
More particularly, the present invention relates to
heterocyclic compounds and methods for their
preparation. These compounds may be useful as
medicaments for the treatment of proliferative
disorders as well as other diseases involving,
relating to or associated with enzymes having histone
deacetylase (HDAC) activities. BACKGROUND OF THE
INVENTION [0002] Local chromatin architecture is
generally recognized as an important factor in the
regulation of gene expression. The architecture of
chromatin, a protein-DNA complex, is strongly
influenced by post-translational modifications of the
histones which are the protein components. Reversible
acetylation of histones is a key component in the
regulation of gene expression by altering the
accessibility of transcription factors to DNA. In
general, increased levels of histone acetylation are
associated with increased transcriptional activity,
whereas decreased levels of acetylation are associated
with repression of gene expression [Wadem P.A. Hum.
MoI. Genet. 10, 693-698 (2001), De Ruijter A.J.M. et
al, Biochem. J., 370, 737-749 (2003)]. In normal
cells, histone deacetylases (HDACs) and histone
acetyltransf erase together control the level of
acetylation of histones to maintain a balance.
Inhibition of HDACs results in the accumulation of
acetylated histones, which results in a variety of
cell type dependent cellular responses, such as
apoptosis, necrosis, differentiation, cell survival,
inhibition of proliferation and cytostasis. [0003]
Inhibitors of HDAC have been studied for their
therapeutic effects on cancer cells. For example,
suberoylanilide hydroxamic acid (SAHA) is a potent
inducer of differentiation and/or apoptosis in murine
erythroleukemia, bladder, and myeloma cell lines
[Richon V.M. et al, Proc. Natl. Acad. Sci. USA, 93:
5705-5708 (1996), Richon V.M. et al, Proc. Natl. Acad.
Sci. USA, 95: 3003-3007 (1998)]. SAHA has been shown
to suppress the growth of prostate cancer cells in
vitro and in vivo [Butler L.M. et al, Cancer Res. 60,
5165-5170 (2000)]. Other inhibitors of HDAC that have
been widely studied for their anti-cancer activities
are trichostatin A (TSA) and trapoxin B [Yoshida M. et
al, J. Biol. Chem., 265, 17174 (1990), Kijima M. et
al, J. Biol. Chem., 268, 22429 (1993)]. Trichostatin A
is a reversible inhibitor of mammalian HDAC. Trapoxin
B is a cyclic tetrapeptide, which is an irreversible
inhibitor of mammalian HDAC. However, due to thein
vivo instability of these compounds they are less
desirable as anti-cancer drugs. 



Recently, other small molecule HDAC inhibitors have
become available for clinical evaluation
[US6,552,065]. Additional HDAC inhibiting compounds
have been reported in the literature [Bouchain G. et
al, J. Med. Chem., 46, 820-830 (2003)] and patents [WO
03/066579A2]. The in vivo activity of such inhibitors
can be directly monitored by their ability to increase
the amount of acetylated histones in the biological
sample. HDAC inhibitors have been reported to
interfere with neurodegenerative processes, for
instance, HDAC inhibitors arrest
polyglutamine-dependent neurodegeneration [Nature,
413(6857): 739-43, 18 October, 2001]. In addition,
HDAC inhibitors have also been known to inhibit
production of cytokines such as TNF, IFN, IL-1 which
are known to be implicated in inflammatory diseases
and/or immune system disorders. [J. Biol. Chem. 1990;
265(18): 10232-10237; Science, 1998; 281: 1001-1005;
Dinarello CA. and Moldawer L.L. Proinflammatory and
anti-inflammatory cytokines in rheumatoid arthritis, A
primer for clinicians, 3rd Edition, Amgen Inc., 2002].
[0004] Nevertheless, there is still a need to provide
further HDAC inhibitors that would be expected to have
useful, improved pharmaceutical properties in the
treatment of diseases such as cancer,
neurodegenerative diseases, disorders involving
angiogenesis and inflammatory and/or immune system
disorders. With a view to meeting this need a number
of small organic moiety scaffolds have been
investigated including a number of heterocyclic
systems, especially bicyclic heterocyclic ring
systems. One heterocyclic system that has been
investigated has been the benzimidazole ring system.
We have now found that judicious selection of the
substituents on the 5 membered ring of the
benzimidazole ring system leads to the production of a
family of compounds with improved pharmacokinetic
properties when compared with the compounds of the
prior art. The compounds within the family exhibit
microsomal stability and thereby demonstrate improved
half lives in the plasma when compared to the
compounds of the prior art. The compounds within the
family typically provide a longer duration of action
due to the increased in vivo exposure (i.e., area
under the curve, AUCo-iast) thereby yielding improved
tumor growth inhibition profiles in the xenograft
models. SUMMARY OF THE INVENTION [0005] In one aspect
the present invention provides a compound of the
formula (I):Formula (I) wherein [0006] R1 is an
optionally substituted heteroaryl group, an optionally
substituted heterocycloalkyl group or a group of
formula: -(CR20R21 )m-(CR22R23)n-(CR24R25)o-NR26R27; 



[0007] R2 is selected from the group consisting of: H,
alkyl, alkenyl, alkynyl, heteroalkyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, alkoxyalkyl, R11S(O)R
13-, R11S(O)2R13- , R11C(O)N(R 12)R13-, R1 1SO2N(R12
R13-, R11N(R12)C(O)R13- , R11N(R12)SO2R13- , R1
1N(R12)C(O)N(R 12)R13- and acyl, each of which may be
optionally substituted; [0008] R3 is selected from the
group consisting of H, Ci -Ce alkyl, and acyl, each of
which may be optionally substituted; [0009] X and Y
are the same or different and are independently
selected from the group consisting of: H, halogen,
-CN, -NO2, -CF3, -OCF3, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, haloalkynyl, heteroalkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, aryl, heteroaryl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkoxyheteroaryl, alkenyloxy, alkynyloxy,
cycloalkyloxy, cycloalkenyloxy, heterocycloalkyloxy,
heterocycloalkenyloxy, aryloxy, heteroaryloxy,
arylalkyl, heteroarylalkyl, arylalkyloxy, -amino,
alkylamino, acylamino, aminoalkyl, arylamino,
sulfonyl, alkylsulfonyl, arylsulfonyl, aminosulfonyl,
aminoalkyl, alkoxyalky, -COOH -C(O)OR 5, -COR5, -SH,
-SR6, -OR6 acyl and -NR7R8, each of which may be
optionally substituted; [0010] R4 is selected from the
group consisting of: H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted;
[0011] each R5 is independently selected from the
group consisting of: H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted;
[0012] each R6 is independently selected from the
group consisting of: H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl; each of which may be optionally substituted;
[0013] each R7 and R8 is independently selected from
the group consisting of: H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted;
[0014] each R11 and R12 is independently selected from
the group consisting of H, alkyl, alkenyl, and
alkynyl, each of which may be optionally substituted;
[0015] each R13 is a bond or is independently selected
from the group consisting of: 



alkyl, alkenyl, and alkynyl, each of which may be
optionally substituted; [0016] each R20 , R2 1 , R22,
R23 , R24 and R25 is independently selected from the
group consisting of: H, halogen, -CN, -NO2, -CF3,
-OCF3, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, haloalkynyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, heteroarylheteroalkyl,
arylheteroalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxyaryl, alkoxyheteroaryl, alkenyloxy,
alkynyloxy, cycloalkylkoxy, heterocycloalkyloxy,
aryloxy, arylalkyloxy, phenoxy, benzyloxy
heteroaryloxy, amino, alkylamino, acylamino,
aminoalkyl, arylamino, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
aminosulfonyl, arylsulfonyl, arylsulfinyl -COOH,
-C(O)OR5, -COR5, -SH, -SR6, -OR6 and acyl, each of
which may be optionally substituted; or R20 and R21
when taken together may form a group of formula =0 or
=S, and/or R22 and R23 when taken together may form a
group of formula =0 or =S, and/or R24 and R25 when
taken together may form a group of formula =0 or =S;
[0017] each R26 and R27 is independently selected from
the group consisting of: H, halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, heteroalkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroaikyl,
heterocycloalkylheteroalkyl, heteroarylheteroalkyl,
arylheteroalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxyaryl, alkenyloxy, alkynyloxy,
cycloalkylkoxy, heterocycloalkyloxy, aryloxy,
arylalkyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, phenoxy, benzyloxy,
COOH, alkoxycarbonyl, alkylaminocarbonyl, sulfonyl,
alkylsulfonyl, alkylsulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, SR5 and acyl, each of
which may be optionally substituted, or R26 and R27
when taken together with the nitrogen atom to which
they are attached form an optionally substituted
heterocycloalkyl group; [0018] Z is selected from the
group consisting of -CH2-, -CH2CH2- , -CH=CH-, C3-C6
alkylene, C3-C6 alkenylene, C3-C6 alkynylene, C3-C6
cycloalkyl, unsubstituted or substituted with one or
more substituents independently selected from the
group consisting of C1-C4 alkyl; [0019] m, n and o are
integers independently selected from the group
consisting of 0, 1, 2, 3 and 4; [0020] or a
pharmaceutically acceptable salt or prodrug thereof.
[0021] In one embodiment of the invention R4 is H and
the compounds are those of 



formula (Ia): Formula (Ia) [0022] or a
pharmaceutically acceptable salt or prodrug thereof
[0023] wherein R1, R2, R3, X, Y and Z are as defined
for compounds of formula (I). [0024] In another
embodiment R3 and R4 are H and the compounds are of
formula (Ib):Formula (Ib) [0025] or a pharmaceutically
acceptable salt or prodrug thereof [0026] wherein R1,
R2, X, Y and Z are as defined for compounds of formula
(I). [0027] As with any group of structurally related
compounds which possess a particular utility, certain
groups are preferred for the compounds of the Formula
(I), (Ia) and (Ib) in their end use application.
[0028] In one embodiment the group R1 is a group of
formula -(CR20R21 )m-(CR22R23)n-(CR24R25)0-NR26R27;
[0029] in which m, n and o are integers independently
selected from the group consisting of 0, 1, 2, 3 and
4. [0030] Accordingly, in one embodiment the compounds
of the invention are compounds of formula (Ic):
Formula (Ic) wherein R1 is a group of formula
-(CR20R21)m-(CR22R23)n-(CR24R25)o-NR26R27 [0031] and
R2, R3, R4, X, Y, 2 , R20, R2 1 , R22, R23, R24, R25,
R26, R27, m, n and o are as defined for compounds of
formula (I).[0032] As the values of m, n and o are
integers ranging from 0 to 4 the sum of m+n+o is an
integer selected from the group consisting of 0, 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. In one embodiment
the sum of m+n+o is an integer selected from the group
consisting of 0, 1, 2, 3, 4, 5, 6, 7 and 8. In another
embodiment the sum of m+n+o is an integer selected
from the group consisting of 0, 1, 2, 3 and 4. In
another embodiment the sum of m+n+o is an integer
selected from the group consisting of 2 and 3. [0033]
In one specific embodiment the sum of m+n+o is 2. When
this occurs R1 is selected from the group consisting
of: -(CR20R2 1)2-NR26R27;
-(CR20R21)-(CR22R23)-NR26R27; -(CR20R2
1)-(CR24R25)-NR26R27; -(CR22R23)-(CR24R25)-NR26R27;
[0034] In one form of this embodiment R1 is the group:
-(CR20R21)-(CR22R23)-NR26R27; 



[0035] This provides compounds of the formula (II):
Formula (II) [0036] wherein X, Y, Z, R2, R3, R4, R20,
R2 1, R22, R23, R26 and R27 are as defined in formula
(I). [0037] In a specific form of this embodiment R4
is H which provides compounds of formula (Ha):Formula
(Ha) [0038] wherein X1Y, Z, R2, R3, R20, R21 , R22,
R23 , R26 and R27 are as defined in formula (I).
[0039] In another specific form R3 is H leading to
compounds of formula (lib): Formula (lib) [0040]
wherein X, Y, Z, R2, R2 , R2 1 , R22 , R23, R26 and
R27 are as defined in formula (I). [0041] In an even
more specific form of this embodiment R20, R2 1 , R22
and R23 are H providing compounds of formula (lie):
Formula (lie) [0042] wherein X, Y, Z, R2, R26 and R27
are as defined in formula (I).[0043] In another
embodiment the sum of m+n+o is 3. When this occurs R1
is selected from the group consisting of: -(CR20R2
1)3-NR26R27; -(CR20R2 1)2-(CR22R23)-NR26R27 ; -(CR20R2
1)2-(CR24R25)-NR26R27 ; -(CR20R21MCR 22R2VNR 26R27 ;
-(CR22R2V(CR 24R25)-NR26R27; -(CR20R2 1MCR 24R2VNR
26R27; -(CR22R23MCR 24R2VNR 26R27;
-(CR20R21)-(CR22R23)-(CR24R25)-NR26R27; [0044] In one
form of this embodiment R1 is a group of the formula:
26i-)27 -(CR R 1MCR R MCR R -NR R [0045] This provides
compounds of the formula (III): Formula (III) [0046]
wherein X, Y, Z, R2, R3, R4, R20, R2 1 , R22 , R23,R24
, R25, R26 and R27 are as defined in formula (I).
[0047] In a specific form of this embodiment R4 is H
which provides compounds of formula (Ilia).Formula
(Ilia) [0048] wherein X, Y, Z, R2, R3, R20, R2 1, R22,
R23, R24, R25, R26 and R27 are as defined in formula
(I). 



[0049] In another specific form R3 is H leading to
compounds of formula (lllb): Formula (lllb) [0050]
wherein X, Y1 Z, R2, R20, R21 , R22 , R23,R24 , R25,
R26 and R27 are as defined in formula (I). [0051] In
an even more specific form of this embodiment R20 ,
R21 , R24 and R25 are H, and R22 and R23 are methyl
providing compounds of formula (Il Ic).Formula (IHc)
[0052] wherein X, Y, Z, R2, R26 and R27 are as defined
in formula (I). [0053] In each of the above
embodiments of the invention R20 and R21 may represent
a number of different variables. In one embodiment R20
and R21 are independently selected from the group
consisting of H, alkyl, alkenyl and alkynyl. In
another embodiment R20 and R2 1 are independently
selected from the group consisting of H and alkyl. In
yet another embodiment R20 and R2 1 are independently
selected from the group consisting of H, methyl,
ethyl, isopropyl, propyl, 2-ethyl-propyl,
3,3-dimethyl-propyl, butyl, isobutyl, 3,3-
dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl,
pentyl, pent-4-enyl, hexyl, heptyl and octyl. In a
specific embodiment R20 and R2 1 are both H. [0054] In
each of the above embodiments of the invention R22 and
R23 may represent a number of different variables. In
one embodiment R22 and R23 are independently selected
from the group consisting of H, alkyl, alkenyl and
alkynyl. In another embodiment R22 and R23 are
independently selected from the group consisting of H
and alkyl. In yet another embodiment R22 and R23 are
independently selected from the group consisting of H,
methyl, ethyl, isopropyl, propyl, 2-ethyl-propyl,
3,3-dimethyl-propyl, butyl, isobutyl, 3,3-
dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl,
pentyl, pent-4-enyl, hexyl, heptyl and octyl. In a
further embodiment R22 and R23 are independently
selected from the group consisting of alkyl. In a most
specific embodiment R22 and R23 are both methyl.
[0055] In each of the above embodiments of the
invention R24 and R25 may represent a number of
different variables. In one embodiment R24 and R25 are
preferably independently selected from the group
consisting of H, alkyl, alkenyl and alkynyl. In
another embodiment R24 and R25 are independently
selected from the group consisting of H and alkyl. In
yet another embodiment R24 and R25 are independently
selected from the group consisting of H, methyl,
ethyl, isopropyl, propyl, 2-ethyl-propyl,
3,3-dimethyl-propyl, butyl, isobutyl,
3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl,
pentyl, pent-4-enyl, hexyl, heptyl and octyl. In a
specific embodiment R24 and R25 are both H. [0056] In
each of the above embodiments there are a number of
values for R26 and R27. In one embodiment R26 and R27
are independently selected from the group consisting
of: 



H, alkyl, alkenyl, alkynyl, alkoxyalkyl, and acyl. In
another embodiment R26 and R27 are independently
selected from the group consisting of: H, alkyl and
acyl. In a further embodiment R26 and R27 are
independently selected from the group consisting of H,
methyl, ethyl, isopropyl, propyl, 2-ethyl-propyl,
3,3-dimethyl-propyl, butyl, isobutyl,
3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl,
pentyl, pent-4-enyl, hexyl, heptyl, octyl, acetyl and
2-methoxy-ethyl. [0057] In another embodiment R1 is a
heterocycloalkyl group which may optionally be
substituted. [0058] In one form of this embodiment the
heterocycloalkyl group is selected from the group
consisting of: [0059] wherein R28 is selected from the
group consisting of H, halogen, alkyl, alkenyl,
alkynyl, haloalkyl, haloalkenyl, heteroalkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl,
heterocycloalkenyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, heteroarylheteroalkyl,
arylheteroalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxyaryl, alkenyloxy, alkynyloxy,
cycloalkylkoxy, heterocycloalkyloxy, aryloxy,
arylalkyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, phenoxy, benzyloxy,
COOH, alkoxycarbonyl, alkylaminocarbonyl, arylacyl,
sulfonyl, alkylsulfonyl, alkylsulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, SR5 and acyl, each of
which may be optionally substituted. [0060] In one
embodiment R28 is selected from the group consisting
of H, alkyl, alkenyl, arylalkyl and arylacyl. Specific
values of R28 are H, methyl; ethyl; propyl;
2-methyl-propyl, 2-2-dimethyl-propyl; isopropyl;
3,3,3-triflouro-propyl; butyl; isobutyl;
3,3-dimethyl-butyl; pentyl; 2,4,4-trimethyl-pentyl;
penten-4-yl, hexyl; heptyl, octyl, nonyl, 2-methoxy
nonyl, benzyl, 2-phenyl-ethyl, 2-phenyl-acetyl,
3-phenyl-propyl, [0061] In another embodiment the
heterocycloalkyl group is pyrrolidyl, tetrahydrofuryl,
tetrahydrothiofuranyl, piperidyl, piperazyl,
tetrahydropyranyl, morphilino, 1,3-diazapane,
1,4-diazapane, 1,4-oxazepane, and 1,4-oxathiapane. In
one specific embodiment R1 is selected from the group
consisting of piperidine-3-yl, piperidine-4-yl and
pyrollidin-3-y.[0062] In another embodiment R1 is a
heteroaryl group. [0063] In another embodiment R1 is a
group selected from the group consisting of:LANDMINE
AVOIDANCE AND PROTECTION DEVICE FIELD OF THE INVENTION
[0001] The invention relates to landmine avoidance and
protection devices, including landmine avoidance and
protection footgear. BACKGROUND OF THE INVENTION
[0002] Mines are devices, which are designed to
explode when they are either 



touched by, or come into close proximity with, an
object, such as a vehicle or human beings, causing
damage to the object. Landmines are mines which are
situated in or on ground terrain. Anti-personnel (AP)
landmines are landmines that are specifically designed
to harm human beings who are walking or otherwise
moving across ground terrain. Mines targeted primarily
at vehicles like tanks and troop carriers typically
have a diameter in the range of about 20 - 40 cm. AP
mines are typically smaller having for example, a
diameter in the range of about 4.5 -15cm. AP mines are
often deployed over a large area and are usually
buried in the ground or otherwise camouflaged. [0003]
The clearing of existing minefields requires special
protection for professional de-miners. Common mine
injuries include loss of limbs, wounds due to
fragmentation devices, and severe injuries to hands,
arms, faces, and heads. The latter injuries usually
occur when handling a mine, specifically during
demining. Most accidents and injuries occur during
excavation and due to missed mines (See for example:
Bergeron DM and Chichester C (2003) Protecting
Deminers From APLs: A Review of U.S./Canada
Cooperation in R&D. Journal of Mine Action 7.1) [0004]
One way of protecting persons, particularly
professional de-miners, is to provide some kind of
protective footgear that a person can wear when they
are In an area known to possibly have mines in the
ground. There are basically two types of known
protective foot gear: (a) footgear which attempts to
provide someshielding action to try to minimise
injuries when a mine explodes underfoot; and (b)
footgear which is designed to minimise the prospect of
mine detonation. [0005] Types of known footgear in the
latter category include: ( 1) air cushion shoes, which
distribute the ground reaction force over a large area
and thus reduce the pressure applied to a mine (US
Patent no. 4,61 1,41 1 to Ringler et al.; US Patent
no. 6,751 ,892 to Chavet et al.); and (2) metal
detector shoes that employ a muscle stimulation
effect, such that any metal contact causes an electric
impulse to stimulate a muscle, usually a leg muscle,
which when stimulated is activated and moves the leg
off and away from the mine (US Patent no. 6,621,418 to
Cayrol). [0006] However, the known systems all suffer
from significant defects or drawbacks. For example,
detonation provoking mine shoes (See US Patent no.
5,926,977 to Sanders; US Patent no. 5979081 to Vaz; US
Patent no. 5,992,056 to Lohrmann; US Patent no.
6,006,646 to Makris et al.; US Patent no. 6,505,421 



to Vaz; US Patent no. 6,655,051 to Peche et al.; US
Patent no. 6,725,572 to Krstic; Patent document
SE470498 dated 6/1994 to Bramsell; Patent document
DE4402465, dated 3/1995 to Rsner et al.; Patent
document no. CN1265464 to Li et al.; PCT document
WO03037125 dated 5/2003 to Zeman et al.; PCT document
WO03101234 dated 12/2003 to Joynt et al.; Aigis
Engineering Solutions. Available:
http://www.aigis.co.uk/; Wellco. Available:
httpV/www.wellco.com/html/blas^protectivejDoot.html;
Kejo Ltd Company. Available:
http://bodyarmour.safeshopper.com/79/852.htm7735) are
generally damaged and destroyed on explosion of a
mine. Hence they are for single use and leave the
wearer without appropriate foot gear in the middle of
a minefield. Moreover, test results (LEAP 99-2 report:
Volume Il-Final Report of the Lower Extremity
Assessment Program (LEAP 99-2), 8/2000 (u.s. ARMY
COMMUNICATIONSELECTRONICS COMMAND, NIGHT VISION
ELECTRONIC SENSORS DIRECTORATE, U.S. ARMY INSTITUTE OF
SURGICAL RESEARCH EXTREMITY , TRAUMA STUDY BRANCH U.S.
ARMY ABERDEEN TEST CENTER, U.S. ARMY SOLDIER SYSTEMS
COMMAND). Available: http://www.humanitariandemining.
org/demining/pubs/protection/leap99-2/leap99 2 report
vo!2.asp) ) of different mine shoes clearly show, that
a person will still at least suffer frombroken foot
bones, which do not allow the injured person to walk
and to leave the mine field without assistance. Most
tests (LEAP 99-2 report), however, resulted in
injuries, which require treatment such as by
amputation (below-knee and above-knee amputations),
despite being equipped with blast protection shoes.
[0007] So-called detonation preventing air cushion
shoes will often not distribute the load sufficiently
to reliably avoid a detonation. On uneven ground like
woodland, forested lands, and rocky terrain, air
cushion shoes can generally not be employed.
Furthermore, walking is difficult with such large air
cushions on a person's feet. Additionally, puncturing
of the cushions causing leakage and loss of air, is a
problem, even if the shoe consists of two independent
air cushion layers. [0008] Detonation preventing
footgear employing muscle stimulating devices also
have significant drawbacks. The muscle stimulating
devices bypass the normal physiological innervation
(nervous supply) of a muscle, and activate the muscle
by an electric impulse. Consequently, the central
nervous system loses control over the muscle, and the
external stimulation results into uncoordinated
movements, creates a danger of falling (possibly on
the mine), and results in a disturbance to the
person's concentration due to the electric shock which



activates the muscle. [0009] Accordingly, an improved
mine avoidance and protection device is desired.
SUMMARY [0010] It is therefore desirable that footgear
used to avoid and protect against mines: (a) not exert
a force on a mine when coming into close proximity
with it, and thereby not otherwise detonate the mine;
(b) prevent any injuries to the wearer; and (c) not
interfere with the wearer's gait, movements, or
concentration. [001 1] It should be noted that the use
herein of the phrase "in close proximity", includes
being in contact.[0012] According to one aspect of the
invention there is provided a device comprising: a
frame adapted to be secured to a source of a load and
at least three support legs each extending from the
frame for supporting the frame in spaced relation to a
terrain. Each said leg has a releasable joint between
the leg and the frame. At least one detector is
operable to provide a detection capability for each
support leg. Each detection capability is operable to
detect a characteristic of a mine when at least a
portion of the support leg is located proximate to the
mine. At least one actuator is operable to provide an
actuation capability at the joint of each leg, and is
operable to: (a) constrain the joint to allow a load
to be transmitted from the frame, through the joint
and the support leg to the terrain; and (b) to release
the joint such that a load can not be transmitted from
the frame through the joint and the support leg to the
terrain. The at least one actuator is operable in
response to a signal received from the at least one
detector indicating the detection of the
characteristic at a first leg of the support legs, to
release each joint associated with the first support
leg. The at least one detector is in communication
with the at least one actuator device, so as to be
able to provide the signal from the at least one
detector associated with each detection capability to
the at least one actuator associated with the
corresponding actuation capability. When the
characteristic is detected proximate to a support leg,
the at least one detector communicates with the at
least one actuator to cause the actuator to release
the constraint at the joint associated with that
support leg. [0013] According to another aspect of the
invention there is provided a device comprising a
plate having a lower surface area and adapted to be
secured to an appendage of a human being. The device
also comprises at least three support 



legs each extending below the lower surface of the
plate, for supporting the plate on terrain, each leg
having a distal end for engaging the terrain. Each leg
is movable in at least one degree of freedom relative
to the plate at a joint when a ground reaction force
is applied to the leg when said joint is not
constrained. A detector system provides a detection
capability associated with each leg, the detection
capability for detecting a characteristic of a mine
when at least aportion of the leg is located proximate
to the mine. An actuator associated with each leg is
operable to release the leg portion to allow movement
in the at least one degree of freedom such that no
load can be transmitted from the plate through the
joint and the leg to the terrain. Each actuator is
operable in response to a signal received from the
detection system associated with each leg. The
detection associated with each leg, is in
communication with the actuator device associated with
the respective leg and is operable to activate the
actuator. When the characteristic is detected by the
detector, the detector system communicates with the
actuator to cause the actuator to release the
constraint and to allow the leg to move at the joint,
with respect to the plate once the characteristic is
detected by the detector, such that the leg exerts a
zero-force on an object. [0014] According to another
aspect of the invention there is provided a method of
avoiding the activation of a mine comprising:
supporting a load with at least three support legs
each in a constrained mode, each leg having a
constrained mode wherein the support leg participates
in supporting the load on the terrain, and an
unconstrained mode, wherein the leg does not
participate in supporting the load on the terrain. The
method also comprises detecting a characteristic of a
mine when at least a portion of one of the three
support legs is located proximate to the mine; and in
response to said detecting, sending a signal to an
actuator; in response to the signal, transferring the
one leg from the constrained mode to the unconstrained
mode with the actuator such the one leg no longer
participates in supporting the load on the terrain.
[0015] According to another aspect of the invention
there is provided a device comprising a base for
supporting a load with at least three support legs
secured to the base. Each leg has a constrained mode
wherein the support leg participates in supporting the
load on the terrain, and an unconstrained mode,
wherein the leg does not participate in supporting the
load on the terrain. Adetector system having a
capability associated with each support leg for
detecting a characteristic of a mine when at least a
portion the respective support legs is located
proximate to said mine. The device also comprises an
actuation 



system having a capability associated with each
support leg for transferring each support leg
independently or the other support legs, from a
constrained mode to an unconstrained mode; and a
communication system operable to send a signal to the
actuation system in response to the detection of the
characteristic. The actuation system, in response to
receiving the signal from the communication system in
relation to the detection of the characteristic in
association with one of the three support legs
transfers the one leg from the constrained mode to the
unconstrained mode such that the one leg no longer
participates in supporting the load on the terrain.
[0016] By way of summary of some example embodiments,
landmine protection devices, and in particular
footgear, which prevent the explosion of AP mines when
stepping on them, can consist of a plate to be
attached to, or serve as the sole of a shoe or boot.
The footgear can have at least three support legs
mounted to and extending below the plate to support
the plate on the ground. The legs, which are in
contact with the ground, are connected to the plate by
a joint having at least one degree of freedom. This
degree of freedom is selected so that when the joint
is released, a force exerted by the ground on the leg
can not be resisted and thus no load can be
transmitted from the plate to the ground through that
support leg. All loads from the plate will then be
transmitted to the ground through the remaining
support legs. [0017] A detection capability can be
provided for each support leg. This can be provided by
a detector, such as a metal detector, for each support
leg. The detector is operable to detect a
characteristic of a mine such as the presence of a
metal material. An actuation capability can be
provided for each leg. An actuator may be provided
between the plate and each support leg. The actuator
can be operable to constrain the motion of the leg
(ie. will allow loads to be transmitted from the plate
through the support leg to the ground) to assist
insupporting the plate when that leg is not in close
proximity to a mine. However, when the support leg is
in close proximity with a detected object, the
actuator releases the motion constraint to allow
motion of the support leg at the joint (ie. provide a
joint that can not transfer load from the plate to the
ground). Thus the force between leg and mine is
minimal, as the force of the unconstrained leg cannot
be higher than that which results from the weight of
each leg itself. This load is far below design trigger
load of any landmine and consequently should not
activate the landmine. Once the leg moves away from
the mine such that the 



detector does not detect it anymore, the leg is
returned to its initial position, such as through its
own weight. The actuator is also deactivated, which
restores the original constraint and locks the leg
again in its original load carrying position. In that
condition, the leg can again be loaded and transmits
load from the plate to the ground. [0018] The landmine
protection avoidance device (detonation preventing
mine shoe) can function like an artificial reflex
loop, consisting of a sensor (eg. a metal detector) in
each leg, a feed-forward loop (electrical circuit),
and an actuator, which in response to signals (and/or
lack thereof) constrains and then releases the
constraint on the leg, depending on whether the leg is
in close proximity with a landmine. [0019] The device
may be provided with six separate, spaced support
legs. The joint between the plate and each leg may be
a one degree-of-freedom prismatic joint or a one
degree-of-freedom revolute joint. Other joints can
also be employed. The actuator between the plate and
each support leg may be a linear actuator (e.g.,
solenoid) or a revolute actuator (e.g., electric
motor). If the leg is connected to the plate by a
prismatic joint, then the actuator, which constitutes
and controls a motion constraint associated with the
joint, provides a counterforce to the ground reaction
force applied axially to the leg. If the leg is
connected to the plate by a revolute joint, then the
actuator which constitutes and controls a motion
constraint associated with the joint provides a
counter-moment about the joint, to the moment produced
about the joint by the ground reactionforce applied to
the support leg. [0020] In addition to merely
releasing the support leg so that no load can be
transmitted through the joint from the plate to the
ground, the actuation mechanism for each leg may be
operable to actively drive the leg away from a
supporting position, when the leg comes into close
proximity to a mine. [0021] The actuator preferably is
a unidirectional one, e.g., a solenoid with a sliding
core. The latter is retracted actively once one of the
legs of the mine shoe comes into contact with a
metallic object, but returns into its original
position passively through a spring. A bi-directional
actuator, i.e., an active return of the core, is not
advisable, as the actively returning core might lead
to interference with the returning leg, and might even
prevent the leg from returning and being locked
properly. [0022] The number of support legs is a
design consideration, as an 



unconstrained leg reduces the support area of the
shoe. If the number of the legs is too few, then the
device becomes unstable upon one of the legs being
deactivated. [0023] In an embodiment with more than
three legs, such as six legs, on even, flat terrain,
all legs are in contact with the terrain and support
the load transmitted from the plate. On uneven
terrain, at least three legs will be in contact with
the terrain. If a mine characteristic is detected by
one of these 3 legs, then this leg is disabled. In
this case, the next adjacent leg comes in contact with
the ground and this very leg is in a position away
from the metal object. [0024] While the present
invention is focused on minimising the prospect of
mine detonation, the invention can additionally
incorporate known features which are directed to
providing some shielding action to try to minimise
injuries if for some reason, a mine does explode.
[0025] Other aspects and features of the present
invention will become apparent to those of ordinary
skill in the art upon review of the
followingdescription of specific embodiments of the
invention in conjunction with the accompanying
figures. BRIEF DESCRIPTION OF THE DRAWINGS [0026] In
the figures which illustrate by way of example only,
embodiments of the present invention, [0027] FIG. 1a
is a perspective view of a mine shoe in accordance
with an embodiment of the invention; [0028] FIG. 1b is
a cross-sectional side-view and cross-section of a
part of a mine shoe in accordance with an embodiment
of the invention; [0029] FIG. 1c is a cross-sectional
side-view and cross-section of part of an alternate
mine shoe in accordance with another embodiment of the
invention; [0030] FIGS. 2a, 2b and 2c are
cross-sectional side views of the embodiment of FIG.
1b showing the sequential movements of a support leg
during operation; [0031] FIG. 2d, 2e, 2f, and 2g are
cross-sectional side views of the embodiment of FIG.
1c showing the sequential movements of a support leg
during operation; [0032] FIG. 3 shows an example of an
electrical circuit that can be employed in the
embodiments of FIG. 1b or 1c; [0033] FIG. 4a is a
perspective view of the entire mine shoe of FIG. 1a in
a full support state; 



[0034] FIG. 4b is a perspective view of the entire
mine shoe of FIG. 1a in a mine detection support
state; [0035] FIG. 4c is a perspective view of the
entire mine shoe of FIG. 1c in a full support state;
[0036] FIG. 4d is a perspective view of the entire
mine shoe of FIG. 1c in a mine detection support
state; [0037] FIG. 5a is a cross-sectional side-view
and cross-section of part of another alternate mine
shoe in accordance with yet another embodiment of the
invention; [0038] FIG. 5b is a cross-sectional
side-view and cross-section of part of another
alternate mine shoe in accordance with yet another
embodiment of the invention; [0039] FIG. 6a shows
another embodiment of a support leg; [0040] FIG. 6b
shows a leg with a smaller ground contact area; [0041]
FIG. 6c shows a leg with a flexible elastic insert;
[0042] FIG. 7 shows the ground surfaces of six legs in
top view; [0043] FIG. 8 shows the footprint of a
device in accordance with an example embodiment of the
invention, with example mine positions illustrated
therein; and [0044] FIG. 9 is a side elevation view of
an example alternate actuation mechanism. DETAILED
DESCRIPTION [0045] With reference first to FIG. 1a, a
mine protection and avoidance device generally
designated 10 includes a frame which can be in the
form of a plate 13, support legs 14 and straps 49. The
plate 13 can be a wide variety of shapes but serves as
a supporting plate for support legs and is suitable
for being secured directly or indirectly to an
appendage, normally a foot, of a person. A plate could
also be configured to be securable to a part of a
mechanical or robotic device. In other embodiments the
support legs might be directly connected to a load
sourceor to a frame other than a plate. The plate 13
can be formed of any material that is capable of
satisfying the load bearing requirements, but may be
made of a material which would provide some
significant level of protection should a mine explode
underneath the plate 13. Suitable materials include
but are not limited to steel, kevlar and other metals
such as by way of example only, aluminium. [0046]
Plate 13 may be constructed with an outer housing
enclosing an inner hollow cavity (not shown). The
cavity can be used to house certain components of the
mine shoe such as the electrical circuits, which can
be employed to 



facilitate the operation of the device, as described
below, and/or additional/supplementary power sources
such as piezoelectric materials activated by the force
transmitted through the plate, or mechanical systems
(pneumatic systems, or mechanisms) which drive a
dynamo. [0047] The support legs 14 can be manufactured
of a material chosen to avoid any interference with
the detector. For example, if the detector is a metal
detector, the legs 14 can be formed from a
non-metallic material such as a plastic. The legs can
also be formed generally as hollow tubes or cylinders,
made of plastic / polymers. The weight of each such
leg 14 would be minimal. Other configurations and
material selections for legs 14 are possible. [0048]
The overall footprint size provided by the contact of
legs 14 with the ground, can be chosen to be
sufficiently large, and the position of the legs on
that footprint can be chosen, so that the legs will be
spaced sufficiently far apart so that multiple legs
will not be deactivated at the same time, when a mine
is detected, as will be explained in further detail
hereinafter. By way of example only, with respect to
AP mines of a diameter of about 15 cm, a typical size
of a plate will be such that the legs circumscribe a
support area A of at least about 1250 sq. cm and the
device would be provided with a minimum spacing of the
legs typically of about 16 cm (ie. the distance
between outer edges of the ground plates or pads which
contact the.ground). [0049] With reference to FIG. 8,
the certain features of a generally
rectangularfootprint can be estimated for an example
embodiment as follows: [0050] - Given an even number
of legs, with the legs arranged in 2 rows (right and
left row, or medial and lateral row) - for example,
specifically 6 legs 714. [0051] - Calculation of
minimum size of ground plate 759 of each leg 714:
maximal foot pressure during medium speed walking at
heel and 1st metatarsal head: ~ 0.5 Mpa - this is the
maximum desired pressure that it is desired for each
foot to transmit to the ground. [0052] The allowed
ground reaction force at maximal pressure = 1.2 BW. An
estimate of the body mass + equipment is about 100 kg.
1.2 BW = 1200 N. [0053] The area and diamater to be
required of one ground plate 759 under the assumption
that only one plate comes into contact with the ground
first, and is loaded maximally: area = 1200N/0.5MPa =
24 sq cm; therefore diameter ~ 5.5 cm. [0054] To
ensure the sensing area is greater than the ground
plate or pad 



area 759 , one can provide a sensor area for the
detector preferably with a sensing diameter of 6 cm
(this should be higher than the diameter of the ground
plate which contacts the ground). The sensor areas can
then be arranged at a distance of 15 cm apart, in
order to prevent a 15 cm mine from activating 2 legs
at the same time (ie. ground plate areas 16 cm apart).
- Length of the footprint: [(3 x 5.5cm)+(2 x 15.5cm)]
OR (5.75+15+6+15+5.75) = 47.5cm - Width of footprint:
[(2 x 5.5) + 15.5] OR (5.75+1 5+5.75)= 26.5cm -
Therefore, the minimal area for the footprint can be
estimated as (26.5 x 47.5) - [(5.52-2.752) x p] ~ 1250
sq cm. Of course other configurations can be provided
to accommodate different sized landmines.[0055]
Returning to the device 10 as depicted in FIG. 1,
straps 49 have ends secured to opposite sides of plate
13 and can be adjusted with buckles 47 to securely
attach the device 20 for example to the foot of a
person. Typically a person would wear a device as a
mine shoe 10 on each foot. A devicelO could also be
adapted to be attached to a person's hands (ie a mine
glove). Thus with mine shoes/gloves attached to both
hands and both feet, a person could move about a
potentially mined area supported by both hands and
feet. [0056] As an alternative to straps 49, other
attachment mechanisms can be employed such that mine
shoe 10 can be secured to the feet or other footgear
of a person. Some other examples of other attachment
mechanisms include but are not limited to velcro and
providing the device as part of an over-boot. In the
case of the device being secured to a robot or other
mechanical device, the device 10 could be bolted,
welded or otherwise secured to the robot/mechanical
device. [0057] With reference now to FIG. 1b, a mine
shoe portion (identified as 1b in FIG. 1b) is shown in
a cross sectional side view. In FIG. 1b, a support leg
14 is shown to have a prismatic joint mechanism 12
whereby a lower end portion 14a is capable of linear
motion with respect to an upper support sleeve portion
14b. The support legs 14 of the mine shoe 10 are
movable with respect to the plate 13, when the
movement is unconstrained by an actuator such as
actuator 45. Linear motion along the longitudinal axis
of each leg 14 can occur at each of the joints between
the legs 14 and the plate 13. However, this motion is
normally constrained by an actuator 45. When the joint
is constrained, the legs 14 can 



transmit loads from the plate 13 to the ground 97
through the joint 12. These forces will, in normal
circumstances, not result in any motion at the joints,
as the motion of the legs is normally constrained when
the presence of a mine has not been detected. [0058]
Support sleeve 14b is preferably a hollow cylinder in
cross section and has an upper distal end mounted to a
lower surface of plate 13. The upper distalend can be
secured to the plate using any conventional technique
such as with bolts, welding etc. The upper portion 14b
can be made of a heavier material than lower portion
14a, since the weight of upper portion 14b, will not
be exerted on the ground 97 when the joint 12 is
released, as described below. [0059] Lower support leg
portion 14a has an upper end that is received and
slidable within the hollow cylinder 14b. In other
embodiments, the lower support leg portion 14b or the
entire support leg 14, may be movable partially or
entirely into an aperture in the lower surface of
plate 3. [0060] When an upwardly directed ground
reaction force is applied to the bottom distal end of
lower leg portion 14a, the upward motion of the lower
leg portion 14a within cylinder 14b is constrained by
actuator 45. In FIG. 1b, actuator 45 includes a core
(follower) 15 of a solenoid 16 mounted to the plate
13. The solenoid can be mounted to the plate in any
known way. The follower 15 can be received through an
aperture in the cylinder wall of upper portion 14b and
thus be in direct contact with the distal end of lower
leg portion 14a. This constrains any upward
translation (arrow) of the lower leg portion 14a
relative to upper portion 14b and plate 13, and
permits loads to be transferred axially from plate 13,
down through leg 14 to the ground 97. [0061] Motion
downwards of the lower leg portion 14a (under for
example the influence of gravity), relative to upper
portion 14b can be limited by the interaction of an
inwardly extending annular lip 84 of upper portion
14b, with an outwardly extending annular ledge 94 of
lower portion 14a. [0062] A detection system provides
a detection capability for each support leg 14. Each
support leg can have directly mounted thereto, a
separate detector 19, which may be located within a
cavity of a hollow leg support pad 59. The support pad
can be connected to or integrally formed with lower
leg portion 14a, which supports the leg 14 on the
terrain (eg. ground surface 97). The pad 59 may be
rigidly connected to leg 14 or be provided some degree
of movement relative to the leg 14. For example, the
pad may be mounted for resilient displacementfrom a
generally level position. As an aside, while it is
contemplated that such a 



device 10 will be used outdoors on ground terrain, a
device could be used on other terrain surfaces. [0063]
Detector 19 may be a metal detector device. Some types
of known metal detectors make use of the ability of
metal materials to reflect certain electromagnetic
waves. Such devices typically comprise an
electromagnetic wave transmitter and an
electromagnetic wave receiver capable of detecting
reflected electromagnetic waves sent out by the
transmitter. Known metal detectors employ technologies
such as Very Low Frequency (VLF) technology, which
through phase shifting enables the detector to
discriminate between for example, different metal
materials or specific types of objects. Other
technologies used in known metal detectors include but
are not limited to pulse induction and beat-frequency
oscillation. Examples of commercially available metal
detectors that could be employed in device 10, include
devices that are made by Tesoro Electronics, Inc. (see
http://www.tesoro.com/ ); Accurate Locators Inc. (see
http://www.accuratelocators.com/ ); Viking Metal
Detectors (see http://www.metaldetectors.co.uk/ ):
Troy Custom Detectors Inc. (see
http://www.trovcustomdetectors.com/ ): and Finnell
Enterprises (see http://www.metallocators.com/ ).
[0064] Other detectors might also be employed which
detect another characteristic of an object that
suggests the possible presence of a mine. This may be
important because some mines have very little metal
material in them and may have a large amount of
plastic material. For example, detectors which might
be suitable to be employed include but are not limited
to detectors which detect magnetic radiation, visible
or invisible light or infra-red, sound waves, ground
penetrating and micropower impulse radar, thermal
images, the presence of chemical reactions or
chemicals such as traces of explosives, and the
presence of nuclear radiation. [0065] It will be
appreciated that if each of support legs 14 has a
separatedetection capability associated therewith, the
presence of a mine in the close proximity of each leg
can be identified. With separate detection capability,
each support leg can function independently of the
others. It may be possible however to have a single
detection device/system, which can operate to provide
separate detection capability isolated for each
support leg 14. [0066] Additionally, the detection
system may be able to detect the presence of more than
one characteristic of a mine. Thus the system might
for example 



detect the presence of particular types of metals and
also the presence of certain chemicals. By looking for
the presence of more than one characteristic
associated with a mine, the chances of the detection
system of falsely detecting the presence of might be
reduced. Alternatively the detection system might look
for the presence of any of two or more characteristics
to provide a wider detection capability, such as the
two characteristics of a metal and a chemical
associated with an explosive material. [0067] The
detector 19 associated with each support leg 14 is in
communication with an actuation system. The actuation
system may have separate actuator 45 associated with
each leg 14. This communication may be facilitated by
electrical circuitry such as is illustrated in FIG. 3.
As shown in FIG. 3, the basic circuitry 88 includes a
metal detector 19 having a transmitter 19a and a
receiver 19b. Metal detector can be a commercially
available metal detector. The circuit also includes an
amplifier and transistor generally designated 2 1,
which may include an amplifier 21a and a Darlington
transistor 21b. The circuitry 88 also includes a
solenoid 6 which can also be a commercially available
device and which is used to activate the actuation
mechanism. The transmitter 19a sends a pulse wave,
which is to be received by receiver19b. Upon detection
of a metal in the sensor range, the pulse wave is
distorted and disrupts the reception at the receiver
19b. This sends a small signal to the amplifier 21a.
The amplifier 21a increases the magnitude of the
signal so as to activate the transistor 21b.
The'transistor 21b acts like a switch for the solenoid
16,"which has a separate power source from the metal
detector 19. The system thus provides a
detectioncapability, and a system for communicating a
detection signal to an actutator. [0068] An example of
an alternative to the amplifier and transistor
illustrated, would be a relay. However, in such a
circuit, the time period that elapses between
detection by the detector, and activation of the
solenoid, is relatively long, and may not be suitable
in some circumstances. It is also possible in some
other embodiments to provide for wireless or optical
or other communication of the signal from the detector
to the actuator. [0069] So, in summary, once the
presence of a characteristic of a metallic object 11,
more specifically, an anti-personnel land mine, in
close proximity to a specific leg 14 is detected, then
a deactivation signal is sent through circuitry 88 to
the solenoid 16, which actuates the follower 15.
[0070] The detector 19 may be configured such that a
signal is only sent to 



the solenoid 16 when the strength of the detection
reaches a certain threshold level. A programmable
logic controller could be incorporated into the
circuitry to control the communication of the signal,
for an appropriate level of sensitivity. [0071] Upon
receipt of the signal, the follower 15 is driven into
the solenoid 16, and releases the lower portion 14a of
leg 14 such that the lower portion 14a "gives way"
(ie. that leg is deactivated from load carrying) such
that the load on the lower portion 14a on the
deactivated leg 14 is substantially eliminated. If
necessary to substantially eliminate the force on
lower leg portion 14a, the lower portion can translate
upward. Thus, a very small contact force is produced
between the deactivated leg 14 and mine 11 or the area
in close proximity thereto, and the land mine should
not explode. The remaining load applied to mine 11 or
the area of the ground near mine 11, when the actuator
45 releases the movement constraint to deactivate a
leg, will be maximally the weight of the deactivated
leg 14. The remaining activated legs 14 mounted to the
plate 13 will handle the additional load transferred
from the deactivated leg 14. [0072] Once the leg 14
moves off the mine 99, the signal to the solenoid
16from the detector ceases. Then the follower 15
returns into its original position, which can be
controlled by a spring 13. The follower 15 interacts
with a cam profile 14e on the leg 14 to be guided to
its locking position. The leg 14 freely returns into
its initial position through its own weight. Finally,
the leg 14 is constrained and locked again by the
follower 15, and can be loaded fully to transmit load
from plate 13, through joint 12 to the terrain 97.
[0073] It should be noted that it is not normally
preferred to employ a bidirectionally driven follower
15 which will try to force the follower back to the
locked or engaged position. [0074] With reference to
FIGS. 2a to 2c the actuation and release sequence of a
leg 14 is illustrated. As shown in FlG. 2a, the leg 14
to be deactivated is in contact with non-metallic
ground 155. As the mine shoe 10 moves, the leg 14
eventually comes into close proximity with an object
99, such as a mine which is detected. As shown in FIG.
2b and 2c, due to the signal received from the
detector 19, the follower 15 of the solenoid is
retracted (see arrow) and the leg 14 is
released/deactivated such that is can no longer
transmit a load from plate 13 to terrain 97. If the
detected object 99 is buried in the ground 15, then
the leg 14 itself does not move (FIG. 2b). If the
object 99 is above the ground 155 as shown in FIG. 2c
(e.g., the trigger of a landmine), then the leg 14
will move, by 



translating upwards (see arrow in FIG. 2c), as it is
no longer constrained by the follower 15. It will be
appreciated that the detection off the object, and the
sending of the signal to the actuator 45, will have to
occur very quickly. This is particularly the case if
the mine device (eg. trigger) is above ground and the
leg 14 to be deactivated actually comes into close
proximity with the mine, to ensure that the leg is
deactivated quickly enough before a significant load
is transferred to the mine. [0075] Although the
detectors such as metal detector 19, will typically be
configured to detect the presence of metal before the
leg or leg plate makes contact with the metal, due to
a specific detection range, there are still
designrequirements relating to the time period that
elapses between detection and the actuation device
operating to deactivated a leg. Release speed and the
permissible time period can be varied by for example:
increasing the detection range of the detector,
reducing the travel (displacement) of the actuator
parts, and instructing the user of the device to avoid
quick movements. In example embodiments intended to be
used in civilian de-mining, which does not require
fast movements, the time span between detection and
final release of a leg was 1/30 s, which was
acceptable. [0076] Actuator 45 is configured so that
once detector 19 no longer detects the presence of a
mine 99, and the deactivated leg 14 is no longer in a
dangerous position, then the leg will eventually
return to its fully extended position (eg. through its
own weight) and the follower 15 will return to its
original position through a spring, The follower 15
will follow the cam profile 14e of the end of lower
leg portion 14a until it reaches the original locked
position of FIG. 2a. [0077] With reference now to FIG.
1c, a part of a mine avoidance device (eg. mine shoe)
110 is shown in a cross sectional side view. The mine
shoe portion in FIG. 1c is quite similar to the mine
shoe portions that make up mine shoe 110 in FIG. 1a.
However, in FIG. 1c, a support leg 114 is shown to
have a revolute joint mechanism whereby a support leg
114 having opposite arms 114a and 114b, is capable of
rotational motion with respect to upper plate 113
about a pivot 112. The support legs 114 of the mine
shoe can all rotate about a pivot 112 with respect to
the plate 113, when the movement is unconstrained by
an actuator such as actuator 145. However, this motion
is normally constrained by an actuator 145. When
movement is constrained, the legs 114 can resist 



moments that result from ground reaction forces
applied to the legs 114. Thus, when constrained, the
legs 114 can support the load applied to the plate 113
by the person wearing the mine shoe. [0078] However,
when the actuator 145 receives a signal from detector
119through circuitry 188, the actuator 145 releases a
leg 114, then the leg 114 is capable of rotating in
the direction shown by the arrow in FIG. 1c, when an
anti clockwise moment is applied by the reaction
ground force about pivot 112. When an upwardly
directed ground reaction force is applied to the
bottom end of lower end portion of leg 114, it will be
appreciated that this reaction normal force R will
create a counter-clockwise moment about pivot 112,
which if unrestrained would cause the leg 114 to
rotate counter clockwise about pivot 112. However, in
normal conditions (ie. when no mine has been
detected), the rotational motion of the leg 114 is
constrained by actuator 145. [0079] As shown in FIG.
1c, actuator 145 includes a core (follower) 115 of a
solenoid 116 mounted to the plate 113. The follower
115 when in an extended position shown in FIG. 1c,
engages part of the end of leg arm 114a, and so holds
the arm 114a and thus leg 114, from rotational
movement. Follower 115 can engage an outer, under
surface of arm 114a or in another example embodiment,
be received in an aperture in the wall of arm 114a.
Thus follower 115 can, when engaged, constrain the
rotational movement of leg 114 about pivot 112. [0080]
Each support leg 114 can be provided with a detector
119 located at the ground surface 210 of the leg 114.
Like detector 19 described above, detector 119 may be
a metal detector device or other detector. It will be
appreciated that if each of support legs 114 has a
separate detection capability associated therewith so
that the presence of a mine 199 in the close proximity
of each leg can be identified. With separate detection
capability, each support leg 114 can be deactivated
and activated independently of the others. It may be
possible however to have a single detection
device/system, which can provide separate detection
capability for each support leg 114. [0081] The
detector 119 associated with each support leg 114 is
in communication with the respective actuator 145
associated with that leg 114. This communication may
be facilitated by electrical circuitry such as is
illustrated in FIG. 3, as described above.[0082] Once
the presence of a object 199, more specifically, an
anti personnel land mine, in close proximity to a
specific leg 114 is detected, then a deactivation
signal is sent through circuitry to the solenoid 116,
which actuates 



the follower 115. The detector 119 may be configured
such that a signal is only sent to the solenoid 116
when the strength of the detection reaches a certain
threshold level. As with the previous embodiment of
FIG. 1b, a programmable logic controller could be
incorporated into the circuitry to control the sending
of the deactivation signal for an appropriate level of
sensitivity with respect to the sending of the signal
to the actuator. [0083] Upon receipt of the
deactivation signal, the follower 115 slides into the
solenoid 116, and releases the lower leg 114 such that
the leg 114 is deactivated from resisting counter
clockwise moments applied to the leg 114 from ground
reaction forces, such that the resisting moment acting
in a clockwise direction about pivot 112 on the
deactivated leg 14 is substantially eliminated. Thus,
a very small contact force is produced between the
deactivated leg 114 and mine 299 or the area in close
proximity thereto, and the land mine should not
explode. The remaining load applied to mine 199 or the
area of the ground near mine 199, when the actuator
145 releases the movement constraint, will at a
maximum only be the result of the weight of leg 114,
which can be chosen to be relatively low. The
remaining activated legs 114 mounted to the plate 113
will handle the additional load transferred from the
deactivated leg 114. [0084] Once the leg 114 moves off
or away from the object 199, the signal to the
solenoid 116 ceases, and then the follower 115 returns
into its original position, controlled by a spring
113. The leg 114 can freely return into its initial
position through its own weight, whereby the follower
115 again engages arm 114a of leg 114. The leg 114 is
thus constrained and locked again by the follower 115,
and can again transmit load from plate 113 to the
terrain 197. [0085] With reference to FIGS. 2d to 2g,
the actuation and release sequence of a leg 114 is
illustrated. As shown in FIG. 2d, the leg 114 to be
deactivated isin contact ground 197 having no mine
present. As the mine shoe 110 moves, the leg 114
eventually comes into contact or other close proximity
with an object, specifically a mine 199. As shown in
FIG. 2e and 2f, due to the deactivation signal
received from the detector 119, the follower 115 of
the solenoid is retracted (see arrow) and the leg 114
is released/deactivated such that is cannot resist
counter clockwise moments applied thereto, as a result
of reaction ground forces. If the detected object 199
is buried in the ground 115, then the leg 114 itself
will typically not move (if the ground is level) (FIG.
2e). If the detected object 199 is above the ground
155 as shown in FIG. 2f (e.g., the trigger of a 



landmine), then the leg 114 itself rotates (arrow) as
it passively moves because of its inability to exert a
load on the object 199. As discussed above, it will be
appreciated that the detection and sending of the
deactivation signal to the actuator 145 occurs very
quickly, particularly if the mine device (eg. trigger)
is above ground and the leg 114 to be deactivated
actually comes into contact with the mine. This will
ensure that the leg is deactivated before a
significant load is transferred to the mine. [0086]
Actuator 145 is configured so that once detector 119
no longer detects the presence of a mine 199, the
deactivated leg 114 is no longer in a dangerous
position, then the leg 114 will eventually return to
its fully rotated position (through its own weight)
and the follower 115 will return to its original
position through spring 113. The follower 115 will
return to a contact position after having been pushed
back as it engages the cam profile 114e of arm 114a
and is slightly pushed back until it the arm is in its
original position and the follower than reaches the
original locked position of FIG. 2d. [0087] The basic
principle behind the mine shoes described above is
providing legs which when they come into close
proximity with a mine, have a constrained movement
that is released such that virtually no load is
applied by the deactivated leg to the mine. In other
embodiments, a secondary actuation functionality can
be provided so that in addition to releasing the
constrained movement, the deactivated leg has its
movement actually driven by a drivemechanism. In such
embodiments, the detector inside each leg may be
configured to send a signal through a circuit to a
second actuator, upon detection of a mine. The primary
actuator releases the leg such that it can move at the
joint as described above. The second actuator
additionally supports the motion of the deactivated
leg, and actively drives the leg away from the mine.
This ensures that the leg is forced away from close
proximity with the object. Thus no force is applied to
the object, and the landmine is not activated. [0088]
In the first embodiment, a hydraulic or pneumatic
cylinder could be provided as a secondary actuator to
drive the lower leg portion 114a in the direction of
arrow. In the embodiment of FIG. 1c, a second actuator
might be a revolute motor, e.g., an electric motor,
configured so the axis of the revolute motor, or the
axis of one of the gearwheels driven by the revolute
motor, constitutes the revolute joint of the leg.
[0089] The secondary actuator could also be configured
so that once the leg 



moves away from the mine, such that the detector does
not detect it anymore, then the second actuator can be
activated again, this time in the reverse direction,
and moves the leg actively back into to its initial
position. Alternatively the secondary actuator could
be disengaged so that the deactivated leg returns
passively through its own weight to its initial load
bearing position, such that the leg can again be
loaded and transmits ground reaction forces to the
plate. [0090] It would also be possible to provide a
mine shoe, which combines both a prismatic joint and a
revolute joint for each support leg. Deactivation of
the leg by means of an actuator like actuator 45 or
145 could then release the leg for both linear as well
as rotational movement. Alternatively, two actuators,
one like actuator 45 the other like actuator 145,
could be provided to constrain linear and rotational
movement respectively. A programmable logic controller
may be configuredd to respond to a signal from a
detector to make a determination of Whether one .or
both of actuator 45 and/or actuator145 should be.
triggered to deactivate the leg for linear and/or
rotational movement.[0091] Referring to FIGS. 4a and
4d, the mine shoe, consists of the plate 3, 13 and in
most embodiments would have at least three legs 14,
114, preferably six legs. However, it might be
possible to deploy a mine shoe that only has two
support legs, bearing in mind that a person will
typically be wearing two mine shoes. The legs might be
configured with a wide contact pad at its bottom to
enhance stability. Thus, it may be possible for a
person to remain standing with a mine shoe on each
foot, even if only one mine shoe is supported on one
leg. This would however be relatively unstable and so
would not be a desirable configuration. [0092] In the
embodiments described above, once a leg 14 or 114
comes into close proximity with a mine, then the
movement constraint is released and that leg can no
longer transmit forces from the plate to the terrain.
Thus, the deactivated leg 14, 114 can no longer
contribute to the support area 22 of the mine shoe and
a part 23 of the entire support area 22 gets lost. The
minimal loss of area per number of legs upon release
of one leg in a mine shoe, with an even number of
legs, results from a design solution with six legs.
[0093] For a regular polygon with n corners and
corner-centre distance r, the area lost AL if one leg
is released is: AL= 4 r2 sin3 (p/n) cos (p /n) (1) 



The relative remaining area ARis: A R= 1 - AL/AO = (n
- 4 sin2 (p In) ) n (2) The ratio R of relative
remaining area AR per leg is: R = A R/ n = (n - 4 sin2
(p /n) ) / n2 (3)The maximal ratio R for an even
number of legs results from six legs. [0094] For
equilibrium of a rigid body, it is necessary that the
sum of the external forces and the sum of the external
moments, about each of three orthogonal axes equals
zero. [0095] Thus, it will be appreciated that when
one leg is deactivated, the remaining legs have to be
able to support the plate and the external load
applied thereto. As the loads applied to the plate by
each remaining leg to compensate for the external load
applied by the person's foot, are redistributed, it
will also be necessary for there to be compensation to
ensure that the moments are maintained at zero. While
in many embodiments, this can be handled by the
appropriate loads being applied by the remaining legs,
in other embodiments, a momentum imbalance may be
compensated for by the ankle joint muscles of the
person using the plate. [0096] Referring to FIGS. 5a
and 5b, further actuator devices are illustrated for
releasing a support leg 4 mounted to a plate like
plates 13, 113. [0097] As already shown in FIGS. 1b
and 1c, a solenoid 16,1 16 actuates a follower 15,1
15. In the embodiments of FIGS. 5a and 5b, the plate
and support leg mechanism is substantially the same as
the embodiments of FIGS. 1b and 1c, with legs 214,314
mounted for linear/rotational movement in relation to
plates 213, 313 respectively. The actuators 245, 345
however comprise the interaction between an
electromagnet 224, 324 and a ferromagnetic material
225, 325 such as by way of example only, iron, nickel,
cobalt, rare-earth magnets, alloys of the
aforementioned metals and Heusler alloys. Other
combinations of magnets and magnetic materials can be
employed to provide for a suitable magnetic
constraining force/moment which can be released when
an appropriate signal is provided thereto. The
electromagnets 224, 324 are powered until the leg 214,
314 comes into close proximity with a mine 210,310.
[0098] Referring to FIG. 5a and 5b, leg 214 is
constrained by anelectromagnet 224, e.g., solenoid,
which is switched off, and thus releases the leg 214
upon coming into close proximity with a mine 299, 399.
In these 



embodiments, the actuator 216,316 is powered if the
leg 214, 314 is not in close proximity with a mine.
Parts of the leg 214, 314 contain a ferromagnetic
material 225, 325, which results in a magnetic force
interaction with the electromagnet 224, 324 if the leg
214, 314 is not close proximity with a mine 299, 399.
[0099] Referring to FIG. 6, the distal end of a
support leg 4 and its ground surface 10 can comprise
further elements. [00100] Referring to FIGS. 6a and
6b, the ground surface contact areas 410 and 510 for
support pads 459, 559 respectively, are different in
size. In each case, the distal end of the leg 414, 514
is provided with detectors 419, 519 such that the
detection area 426, 526 of the detector 419, 519 is
slightly larger than the ground surface area 4 10, 5
10 beneath the distal end of the leg. It is important,
that the individual detection areas not overlap, but
must be larger than the ground contact area of a leg
(ground plate). [00101] Referring to FIG. 6c, the
distal end of leg 4 comprises flexible elements 627,
are interposed between the leg 114 and the support pad
659 which account for damping and adjustment (arrows)
of the ground surface 610 to help provide level
support of the plate on uneven ground. Flexible
elements might comprise by say of example only springs
(e.g. wave springs and Belleville washers), rubber
(e.g., silicone rubber, air cushions and fluid
chambers with flexible walls or bellows design, and
combinations thereof. The flexible elements can be
mounted between the leg and support pad by known
methods such as by force fitting, screws, bolts, glue,
etc. [00102] Elements 627 might also provide for
elastic, resilient displacement from a generally
perpendicular orientation of the lower pad surface
relative to the longitudinal axis of the leg, or from
a position when the support pad sits on level terrain.
Resilient elements 627 might comprise, by way of
example only, springs (e.g. wave springs and
Belleville washers), rubber (e.g., silicone rubber,
aircushions and fluid chambers with flexible walls or
bellows design, and combinations. They could be
mounted in the same way as flexible elements. [00103]
Referring to FIG. 7, the footprint of a mine avoidance
and protection device 1000, which can be constructed
like the devices described above is shown. The sensor
areas 626 of the detectors (not shown) are slightly
larger than the ground surface contact areas 610 of
each support plate (not shown). Furthermore, the
sensor areas 626 are separated from each other so that
they do not overlap. This diminishes the chances of
more than one leg being 



deactivated at the same time. Preferably, a mine will
deactivate only one leg at a time. [00104] Referring
to FIG. 8, another embodiment is illustrated
schematically in which a foot plate 713 is configured
in a generally rectangular shape. Secured to foot
plate 713 are six legs 714 having support plates or
pads 759. Possible positions of a mine 799 are shown
in relation to legs 714 and plates 759, in each case
only one leg 714 will be deactivated. The sensor areas
that are associated with each of the legs is selected
such that sensor areas will not overlap, and thus two
legs will not be deactivated at the same time. [00105]
With reference to determining the optimal number of
legs that can be employed: - Relative area lost if one
leg is deactivated: 1/(n-2) - Relative remaining area
if one leg is deactivated: 1-1/(n-2) - Relative
remaining area per leg ratio: (1-1/(n-2))/n =
(n-3)/(n(n-2)) Best ratios are with 4 and 6 legs; 6 is
desirable, as the relative lost area is smaller than
with a 4-leg design. [00106] While several embodiments
have been described herein and illustrated in the
drawings, other embodiments are of course possible. By
way of further example only, the movement of support
legs can also be constrained by any other actuation
mechanisms. For example, a hook which is actuated by
aactuator, preferably by a unidirectional one, can be
configured to release the leg by swinging backwards
out of engagement with the support leg. An example of
a hook implementation is shown schematically in FIG.
9, in which a leg 814 can rotate about a pivot 812,
and is constrained by a hook 888. The hook may be
actuated for example by a linear actuator, e.g.,
solenoid, through a linkage, e.g., a crank-slider or
by a revolute motor directly or through a four-bar
linkage or gears, all of which are shown schematically
as different possible configurations in FIG 9. The
hook, in these embodiments, is the revolute
counterpart to the linearly sliding core of a
solenoid. The hook can be referred to as a revolute
constraint, and the core as a linear constraint.
[00107] In other example embodiments, the mine
detection through the detector can additionally be
enhanced by a visual signal, e.g., by an LED, and/or
by an acoustic signal, e.g. via earphones, in order to
provide a warning signal to the wearer of the mine
shoe and/or others for de-mining purposes. [00108]
When a person uses mine shoes such as those described
above, if 



they step on or close to a mine, the prospects of the
mine exploding is significantly diminished, as the
force applied should be limited to the weight of the
support leg that is in close proximity with the mine.
[00109] Additionally, if the mine does explode, the
mine shoe will provide some level of blast effect
attenuation, due to the raised design of the plate,
and in some embodiments the strength of material
making up the plate, and the size of the plate. The
raised design is due to the mine shoe's legs, which
cannot be released if the distance between the plate
and the ground is too small. A hollow plate, providing
a thicker plate for a given weight of mine shoe, can
add to blast absorption and attenuation capability of
the mine shoe and can house the circuits. [001 10]
Such devices may be used on terrain other than the
ground in an outdoor environment.[00111] The invention
may be used by both military and civilian personnel,
including during de-mining operations. Military
personnel can also use the device during military
operation. Devices might also be employed on robotic
systems or on military vehicles. Of course, the above
described embodiments are intended to be illustrative
only and in no way limiting. The described embodiments
of carrying out the invention are susceptible to many
modifications of form, arrangement of parts, details
and order of operation. The invention, rather, is
intended to encompass all such modification within its
scope, as defined by the claims.WHAT IS CLAIMED IS: 1.
A mine device comprising a frame adapted to be secured
to a source of a load; at least three support legs
each extending from said frame for supporting said
frame in spaced relation to a terrain, each said leg
having a releasable joint between said leg and said
frame; at least one detector operable to provide a
detection capability for each support leg, each said
detection capability operable to detect a
characteristic of a mine when at least a portion of
said support leg is located proximate to said mine; at
least one actuator operable to provide an actuation
capability at said joint of each said leg, said at
least one actuator operable to: (a) constrain the
joint to allow a load to be transmitted from said
frame, through said joint and said support leg to said
terrain; and (b) to release said joint such that a
load can not 



be transmitted from said frame through said joint and
said support leg to said terrain; said at least one
actuator operable in response to a signal received
from said at least one detector indicating the
detection of said characteristic at a first leg of
said support legs, to release each said joint
associated with said first support leg; said at least
one detector being in communication with said at least
one actuator device, so as to be able to provide said
signal from said at least onedetector associated with
each said detection capability to said at least one
actuator associated with the corresponding actuation
capability; whereby when said characteristic is
detected proximate to a support leg, said at least one
detector communicates with said at least one actuator
to cause the actuator to release the constraint at the
joint associated with that support leg. 2. A device
according to claim 1, wherein said at least three legs
comprises six legs. 3. A device as claimed in claim 1
wherein the detection capabilities for each support
leg are separated from each other. 4. A device as
claimed in claim 2 wherein the detection capabilities
for each support leg are separated from each other. 5.
A device as claimed in claim 4 wherein said frame
comprises a plate. 6. A device according to claim 3,
wherein the joint between the frame and each leg is a
one degree-of-freedom prismatic joint. 7. A device
according to claim 3, wherein the joint between the
frame and each leg is a one degree-of-freedom revolute
joint. 8. A device according to claim 1, wherein said
at least one actuator comprises a separate actuator
associated with each joint of each support leg. 9. A
device'as claimed in claim 8 wherein each separate
actuator comprises a linear actuator.10. A device as
claimed in claim 9 wherein said linear actuator is a
solenoid having a reciprocating follower for engaging
and disengaging said leg. 11. A device as claimed in
claim 3 wherein said at least one actuator comprises a
separate actuator associated with each joint of each
support leg and wherein each separate actuator
comprises a linear actuator. 12. A device as claimed
in claim 11 wherein said linear actuator is a solenoid



having a follower for engaging and disengaging from
said leg. 13. A device as claimed in claim 8 wherein
each separate actuator comprises a revolute actuator.
14. Device according to claim 8, whereby each separate
actuator comprises an electromagnet at the plate,
which is in contact with a ferromagnetic part of the
leg and constrains the motion of the leg through
generating a magnetic force, said magnetic force being
disengaged upon receiving said signal. 15. A device
according to claim 1, further comprising a secondary
actuator for driving a support leg away from said
terrain when said at least one actuator releases the
joint associated with said support leg. 16. A device
according to claim 1, whereby each of said support
legs comprises a support pad mounted proximate to a
distal end of each said leg, for contacting said
terrain. 17. A device according to claim 16 further
comprising flexible elements interconnected between
said leg and said support pad providing adjustment of
-the support pad relative to the leg to more' easily
accommodate uneven ground.18. A device as claimed in
claim 17 further comprising elastic elements to
provide for a dampening effect between said leg and
said support pad. 19. A device as claimed in claim 1
wherein said characteristic is the presence of a metal
material. 20. A device as claimed in claim 1 wherein
said characteristic is the presence of a plastic
material. 21. A device as claimed in claim 2 1 wherein
the detection capabilities for each support leg are
separated from each other. 22. A device comprising: a
plate having a lower surface area and being adapted to
be secured to an appendage of a human being; at least
three support legs each extending below the lower
surface of said plate, for supporting said plate on
terrain, each said leg having a distal end for
engaging the terrain, each said leg movable in at
least one degree of freedom relative to said plate at
a joint when a ground reaction force is applied to
said leg when said leg is not constrained; a detector
system providing a detection capability associated
with each said 



leg, said detection capability for detecting a
characteristic of a mine when at least a portion of
said leg is located proximate to said mine; an
actuator device associated with each leg, operable to
release the leg portion to allow movement in said at
least one degree of freedom such that no load can be
transmitted from said plate through said joint and
said leg to said terrain, each said actuator operable
in response to a signal received from said detection
system associated with each said leg;said detection
associated with each said leg, being in communication
with said actuator device associated with the
respective leg and operable to activate said actuator;
whereby when said characteristic is detected by said
detector, said detector system communicates with said
actuator to cause the actuator to release the
constraint and to allow the leg to move, at/about the
joint, with respect to the plate once a metallic
object is detected by the metal detector, such that
the leg exerts a zero-force to the metallic object.
23. A method of avoiding the activation of a mine
comprising: supporting a load with at least three
support legs each in a constrained mode, each said leg
having a constrained mode wherein said support leg
participates in supporting said load on said terrain,
and an unconstrained mode, wherein said leg does not
participate in supporting said load on said terrain;
detecting a characteristic of a mine when at least a
portion of one of said three support legs is located
proximate to said mine; in response to said detecting,
sending a signal to an actuator; in response to said
signal, transferring said one leg from said
constrained mode to said unconstrained mode with said
actuator such that said one leg no longer participates
in supporting said load on said terrain. 24. A device
for avoiding the activation of a mine comprising: a
base for supporting a load with' at least three
support legs secured to said base, each said leg
having a constrained mode wherein said support
legparticipates in supporting said load on said
terrain, and an unconstrained mode, wherein said leg
does not participate in supporting said load on said
terrain; a detector system having a capability
associated with each support leg for detecting a
characteristic of a mine when at least a portion the
respective support legs is located proximate to said
mine; an actuation system having a capability
associated with each support leg for 



transferring each support leg independently or the
other support legs, from a constrained mode to an
unconstrained mode; a communication system operable to
send a signal to said actuation system in response to
the detection of said characteristic; said actuation
system, in response to receiving said signal from said
communication system in relation to the detection of
said characteristic in association with one of said
three support legs , transferring said one leg from
said constrained mode to said unconstrained mode such
that said one leg no longer participates in supporting
said load on said terrain. 25. A device as claimed in
claim 24 wherein the detection capabilities for each
support leg are separated from each other. 


