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he Geneva International Centre for

Humanitarian Demining has devel-

oped an Evidence Assessment Model
that may form part of a wider Non-technical
Survey and enable decisions about when it is
appropriate to release land by Non-technical
Survey and when/how much Technical Survey
is required. The first model was created in col-
laboration with Norwegian People’s Aid to en-
hance NPA’s land-release approach in Angola.
A second, similar model was developed in sup-
port of the Cambodian Mine Action Centre’s
land-release approach in Cambodia.

Although these models are in use and work-
ing fairly well, the GICHD wanted to test the
quality of the model to ensure the validity of
its logic procedures and develop an improved
interface. The primary objective was to devise
a credible, practical and user-friendly mod-
el for Non-technical Survey by August 2009.
The project was a joint effort between the De-
partment of Computer and Systems Sciences of
Stockholm University and the GICHD, and it
was partially funded by the Swedish Program
for Information and Communication Technol-
ogy in Developing Regions. GICHD asked the
decision-analysis experts of the DECIDE Re-
search Group at Stockholm University to assist
with the project.

The project was initiated in March 2009, and
the first phase was completed in September 2009,

In an ongoing effort to improve the Non-technical Survey, the Geneva International
Centre for Humanitarian Demining teamed with Stockholm University to create an
enhanced version of the Cambodia Mine Action Centre’'s Evidence Assessment
Model. The aim of the project was to make the existing model more user-friendly and
modify the current standards for assessment of mine-affected land. CMAC is testing a

revised model to ensure that it meets the needs of their Non-technical Survey teams.

with the delivery of a revised CMAC Evidence
Assessment Model to be used in pilot cases
in Cambodia.

The Context and Work Process

The model is designed as a complementary
tool in the existing process in which a team of
field operators collects and analyzes informa-
tion about an area suspected to be contaminat-
ed by landmines. Traditionally, the decision on
whether an area can be released from suspicion
of mines without any further mine-action sup-
port has been made by the field operator, based
on personal experience and conviction. This
method has often caused conservative deci-
sions because it has been far easier and less risky
for the survey teams to classify land as mine-
suspected areas as opposed to “mine free” areas. A
credible evidence-assessment model that shifts
liability from the operator to the model, or the
underlying concept, will encourage more ap-
propriate decisions.

The model described in this article rates the
importance, or value, of each individual piece
of evidence about the mine threat provided by
various informants. The model further con-
templates the degree of trust in, or credibility
of each source of information. If the credibil-
ity of an informant is low, the evidence weight
will be reduced and will consequently contrib-
ute less to the final survey conclusion.
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When organizations use the model, the burden of
making the final decision rests less on the experience of
the individual field operator and more on the embodied
model assessment and recommendation. Using the mod-
el further ensures that every step of the survey process
is thoroughly analyzed, evaluated and documented. A
clear order trail is crucial and will further enable appro-
priate quality assurance and other follow-up if required.

Prerequisites and model requirements. An evidence-
assessment tool needs to fulfill a number of requirements:

o The properties of the method should be defined, in-
cluding limitations and underlying assumptions. The
method should therefore conform to an established set
of evidence-assessment principles since doing so will
enhance the credibility of the model, facilitate com-
munication about it with other mine-action specialists,
and facilitate future reviews and modifications.

The rules that regulate the final output should reflect
an intuitive behavior to represent the view of expe-
rienced survey teams and ensure a high credibility
among users.

o The method should support means for sensitivity
analyses and “what-if” questions.

It should be possible to adapt the model to different
conditions, as the significance of different informa-

tion sources may vary between different regions or
countries. For instance, landmine records showing
the type of mines and their specific location are
sometimes available after a conflict, but the qual-
ity of these records may vary considerably between
countries. Identical input statements from differ-
ent areas should not necessarily generate the same
recommendations.

The challenge is thus to select a suitable approach for
the assessment. T. Denoeux discusses one approach that
employs methods from the area of pattern classification
in “Analysis of Evidence-Theoretic Decision Rules for
Pattern Classification.” It does not currently seem to be
applicable in the context of operational mine action, al-
though it would be theoretically appealing to explore it.
We argue that a more applicable method should enable
the elicitation of knowledge and experience from the lo-
cal population, the military, land users and mine-action
experts, and should allow user-friendly adaptations. A
user-friendly model with a user sheet that accommo-
dates individual evidence from informants has thus
been developed in Microsoft Excel, which is easily avail-

able and will only require basic computer skills.
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The proposed model. The proposed Evidence
Assessment Model is based on traditional input-
output assessment and classification, employing a for-
malized “recommendation rule” that proposes the next
minimum mine-action requirement from a set of pre-
defined recommendations. The model thus uses a well-
established and easy-to-understand methodology.
GICHD, Stockholm University and CMAC agreed to
employ methods from multi-attribute decision theory,
since the current approach for Non-technical Survey
conformed to the use of numerical weights representing
the relative importance of different sources of informa-
tion. Typical for multi-attribute decision-making is the
use of several attribute-specific values being aggregated
using additive attribute weights.?

In the CMAC model, the aim has been to associate
each sector S, with a sector value v(S) used for the classi-
fication of sectors.” We propose a method for the classi-
fication of sectors that are defined in an attribute-value
space, where the sector value should be the result of an
aggregation of values on evidence attributes. This meth-
od would enable simple and useful means for sensitiv-
ity analysis and model adaptations while maintaining
the look and feel to which CMAC has been accustomed,
with some improvements where needed. The simplicity
of the model will thus be maintained, but the transpar-
ency and usefulness would improve. The model has also
been designed to accommodate more advanced future
methods for coping with uncertain information and
vague assessments and risks.

Input statements. Input statements are entered into
the model by field operators or by personnel who receive
the reports from the field. Each statement is the result
of obtained external information and information from
field interviews with the population, police, military or
other sources. A statement will either support the con-
clusion that an area is mined (hazardous) or mine-free
(nothazardous), i.e., a statement will either belong to the
statement set “pro-mines” M+ (supporting the presence
of mines) or the statement set “con-mines” M- (support-
ing the absence of mines). Each statement corresponds
to a certain sector of interest, an evidence attribute and
a confidence assessment.

An evidence attribute is associated with a numeri-
cal weight, reflecting the strength (or importance) of
this evidence, such as to what extent evidence supports
the presence of mines in the area or not. The value of
the different weights depends on whether the statement

belongs to M+ or M-. Mine maps showing the presence
of mines could, for example, be regarded more impor-
tant (evidence of presence of mines) than mine maps
showing no mines in certain areas (evidence of absence

1 and 9 depending on to what degree the reduced cred-
ibility of the informant/information is considered to in-
fluence the value of the evidence, represented as source
confidence. The lower the predefined value is for a “low”

of mines). credibility statement, the more impact it has on the
Version 0.3.2 Sector 1
CMAC Decision Making Model i i
Mines No Mines
| How many? H | L L ‘ H
1. External/historical information |
1.1 Information provided by military/militia/police ‘
Group of combatants | 2 v
Combatant (former or existing) part of laying mines in specific SHA
One combatant enly
Group of combatants |
Combatant (former or existing) part of laying mines in the area
One combatant enly
Combatant (former or existing) not part of laying mines in SHA but has Group of combatants |
reliable/detailed knowledge One combatant only -
Mine maps/records from military or police Y
All mines reported cleared by military/local initiatives

ALL GRAPHICS COURTESY OF THE AUTHORS/CISR

An evidence attribute can be adjusted by the field
operator based on the perceived credibility of the in-
formation source. One statement does, for example, ad-
dress “mine maps/records from military or police.” If
the investigator has access to maps that indicate an area
is mined and the maps are considered accurate and reli-
able, this evidence attribute is either marked as “high”
credibility or “low” credibility—the latter if the map
is inaccurate but yet exists. In summary, each
statement (sj):

« Belongs to the set M+ (pro-mines) or the set M-
(con-mines).

» Has an associated numerical weight wij assigned to an
evidence attribute (ii) and each pair (ii, sj). In the cur-
rent model, weights are assuming a value within the
interval [0, 10], reflecting the importance of this piece
of evidence relative to other information, for the clas-
sification of a sector.

o Isassociated with a level of source credibility (cj).

In the current model, source confidence may assume
a value within the interval [0, 10]. However, the user is
restricted to assign the type of information as “high” or
“low” (credibility of informant/information). The values
are predefined. “High” is always given a predefined val-
ue of 10,4 while the value for “low” may vary between

Figure 1: Excerpt from the user sheet. A “Y” in the cell is an added statement.

overall confidence rating from a particular source. If an
evidence attribute has no statement, it is assigned a con-
fidence value of 0.

Sector value and model output. The aggregation of
information that provides a sector value is straightfor-
ward. Each pair (i, sj) is assigned a weight W, € [0, 10].
The weights are then subject to normalization so that
W= le/(z,.W,.j), or the sum of all w, will add up to
1. The aggregated value (V(S)) of a sector (S) is obtained
from the difference between the weighted sum of confi-
dence values belonging to M+ and M- respectively. It fol-
lows that V(S) is within the interval [-10, 10].

v =224 ]-[Z79]

The output is ultimately a recommendation for the
next step required in the land-release process, typical-
ly a level of Technical Survey or clearance. In the cur-
rent model, the recommendation rule is based on a set
of thresholds for different intervals, each representing
conclusions from the Non-technical Survey Evidence
Assessment. The current interval thresholds are shown
in Figure 2 (see next page).

The recommendation may also be dependent on oth-
er criteria besides the sector value alone. For instance,
a recommendation stemming from a high-confidence
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Thresholds for Recommendations
NE3, [No mines, high confidence] -1.100
V(S) below this value Land Release ’
NE2, [No mines, medium confidence] Limi .
imited Technical Sur -0,613
V(S) below this value ted Technical Survey
NEI1, [No mines, low confidence] N .
ormal Technical Surve 0,000
V(S) below this value y
E1, [Mines, low confidence] . 0.580
V(S) below this value Increased Technical Survey ;
E2, [Mines, medium confidence] E . .
xtensive Technical Surve
V(S) below this value y 2,900
E3, [Mines, high confidence] Full Clearance

\ Figure 2: Thresholds used in current model.

conclusion may be dependent on whether the field oper-  lying idea of employing formal methods for making

ator has entered a sufficient number of high-confidence more appropriate Non-technical and Technical Survey

statements in the model. In other words, a recommenda-  decisions will be further refined. CMAC is one of sev-

tion cannot be based upon a high-confidence conclusion  eral organizations that currently conducts a “Base Line

if there are too few high-confidence statements entered  Survey” with the aim of resurveying all areas suspect-

into the model by the field operator.

Conclusion

ed to be mined in Cambodia for better allocation of
demining assets. The model is now used by all 13 CMAC
Non-technical Survey teams as an integrated part of the

The model is currently being subjected to pilot test-  BLS. Pending the results from Cambodia, the concept
ing by CMAC. If the pilot proves successful, the under-  may well be introduced in other mine-affected countries.

NON-TECHNICAL SURVEY
MNE: Mo evidence of mines
E: Evidence of mines

Confidence categories: Low (1), Medium

(Preliminary objective conclusion by survey team)
(2). High(3)

Increased TS

Extensive TS

: TECHNICAL SURVEY
] No finds in E2: E1 may be classified as NE1

No finds inold E1: old NE1 may be classified as NE2
No finds inold NE1: old NE2 may be released

Figure 3: Example of a CHA with proposed classified sectors.

focus | the journal of ERW and mine action | spring 2010 | 14.1

There are, however, some challenges
that need to be addressed, including
the following issues and questions:

o Weights, thresholds and con-
fidence values are predefined.
They should be reviewed and
possibly revised for each indi-
vidual case (country).

o Which parameters are most im-
portant when conducting sen-
sitivity analyses and should the
analyses be mandatory?

o Are there prominent dependen-
cies between evidence attributes?
If so, what is the impact of these
dependencies and how may they
be assessed by the field operator
and addressed in the model?

o Are there any uncertainties
and inaccuracies in the input
statements?

Preliminary results from the pi-
lots have highlighted a need to en-
sure that:

o Each Confirmed Hazard Area is
divided into sectors properly. If
this division is not done well, the
model may not work as intended.

o The questioning technique of the
survey team is robust enough to
gain all the available informa-
tion. Too little information will
just result in a default “normal”
Technical Survey.

o In addition to seeking evidence
to confirm an area is a mine-
field, the survey team now seeks
counter-evidence to disprove
this notion. This is a big mind-
set change because a survey team
will now be inclined to take into
account “evidence” supporting
the statement that the area is not
aminefield, rather than only put-
ting focus on searching for evi-
dence that an area is mined. J

See Endnotes, Page 82
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